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t. On the Mudum Apparatus and iU EjfecU* 
Bjf J, G. FooosM»a&Fr** 

THE following investigation was suggested by an examina* 
tion of an induction apparatus constructed by Ruhmkorff 
for the physical cabinet of tne University of Berlin. There it 
no doubt that its construction and action are superior to those 
of any other instroment of die kind yet inTented, bat I feel con* 
vineed it is by no means to perfect as it may yet be made, nor 
have tiie phanomena which it manifests ever yet been sufficiently 
investigated in any published memoir. On this aeooont the 
present investixation will be divided into two parts ; the one will 
be devoted to the eonstroction of the apparatus, the other to its 
eifeets. 

1. Ctmsirueiian of the Apparaiw, 

In its present fonii the appai-atus consists uf no less than six 
parts ; viz. 1, the coil of w ire iii which induction is developed, the 
induction coil; 2, the coil which conducts the inducing galvanic 
current, here called the primary coil ; 3, the soft-iron core ; 
4, the current breaker ; 5, the condenser ; and 6, the voltaic 
battery or primary source of electricity ; to which parts, lastly, 
some additional apparatus must be added. Each of these six 
elements acts, more or less, upon the remaining five ; and the 
nltimate result, the induced current, depends upon a suitable 
distribi^^m and arrangement of all. 

Induction CoU, 

On escamining this coil, it appeared to me that hitherto it had 
not been constructed on proper principles. Usually the wire 
forms layers which extend, without interruption, from one end 

* Rom Poggendorff't JwiaZm, vol. zdv. p. 2. 
PhO. Mag, S. 4, m 10. No. 68. Mjf 1855, H 
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2 FxoL J. C. Poggeudorff an the Induction Apparatus 

of the coil to tiife other | thfe tminber of these layers is generally 
even, so that the beginning and end of the wire are at the aame 
extieEiity of the coil« But it is clear, Aat in a coil, whose points 
are 931 exposed to about the satne degree of elecMeal esdtation» 
the tension must increase from the middle towards each extre- 
mity. Hence, when the wire is coiled in the manner above 
described* points whose . electrical difference is very great are 
brought very near one a&Other) and ooniequently the i^iinging 
of sparks between two such points is much ^Utated, as well as 
the extemf^ action of the cod weakened. 

This imperfection appealed suaoeptible of partial remedy by 
dividing the length of the coil into several parts, and by covering 
each part with wire in the same manner as the whole coil was 
before covered, using, however, an odd instead of an even num- 
ber of layera in order to carry Ihe wire from one part to another, 
and at laiBt to let the ends run out at opposite ex&emities of the 
coil. 

Further, in order to obtain effects of great tension, it was evi- 
dent that the wire must be well insulaited. Aa far aa I know, 
whenever a second insulator has been employed^ to aid the cover- 
ing of silk generally used and never to be dispensed with, a solu- 
tion of sheU^lae in alcohol has been chosen. But in the present 
ease, whrrc the wire, owing to its great length, cannot well be 
varnished other than lengthwise, such a method only imperfectlv 
fulfils its purpose, because under such circunistancea the varnish 
dries extremely slowly, and perhaps never perfectly ; so that a 
certain degree of con^uotibility, even greater than that with silk 
alone, always exists. 

Instead of the alcoholic solution of shell-lac, an easily fusible 
insulator (spermaceti, stearic actd, or a mixture of wax and oil*) 
appeared preferable. In applying the same^ it requires to be 
heated above its melting-point in ord^ to prevent its immediate 
solidification when in contact with the cold layers of wire, and 
to allow it to permeate and thoroughly saturate the silk covering. 

Again, in order to obtain a good exterior insulation, the wire 
was coiled around a glass cylinder, at whose extremities were 
rims of gutta-pei-cha in which the ends of the wire could be well 
fastened; besides this, tlie whole coil was provided with a thick 
covering of wax ; and lastly^ after this had been varnished, two 
strong rin^s of gntta-pcrcha were a^ed, b^ means of which the 
whole could rest on a v/oodcn stand. 

Accoidnig to these prmcipieSj T havp constructed three induc- 
tioa coils, each of which is 6 j mches loiigt» has an inteirnal dia- 

* Pskafilne would be peihapd still better, as tt may now be easily p¥0» 
Ctirerl, easily rnelts, nntl is, ac^[>rditig to Riew, a good imukitDr. 
t Throughout the meauHr the indies sad feet lure PsiiiiMi. 
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met or oi 1^ iucb, aiid an external one of 2^ inclics. Two of 
tliC8o contain an extremely thin wire, 0*15 milliin. in diameter, 
and the tlnrd a considerablv thicker one, U :2.~> inillim. in dia- 
meter. In each of the two fii'st the wire is about 10,000 feet 
long, and makes about 16,000 windings, in eii^ht parts, each of 
which coDtiiins 33 layers. The wire of tin' tlurd coil is about 
2400 teet luu^, and each of its parts cou tains ID layei's. For. 
certain purpo.^es a iuurth coil contamiiig about 1200 leet of the 
thicker wire \vm eonstruetcd ; its diameter was such aj> to pcniut 
of its being iii)»ei led in one of the primary eoik to bo afterwardit 
described. 

Although the greatest possible care was taken in the ])repara*. 
tion of all these coils, and although they are, perhaps, more 
effective than others of equal dimensions constructed according 
to the usaal method, still the desired object is not yet perfectly 
attained ; on the contrary, the conviction fofoed itself upon me 
that the iniolaiion was far £rom sofficient to protect the coil from 
the diifcorbing effei^ of internal aoarka. 

This was particularly perceptible in the aecond of the coila 
formed of fine wire. Immeaiately after ita construction, the 
pluenomena of sparka and tension which il eibibited were extra- 
Ofdinaiy, indeed wonderfulj hnt after a quaiter of an hoar ita 
action considerably decreased* This oonditum remained un- 
changed for months, and ht my purposes was satisfactory 
enoujgji^ for by employing two pairs of Grove's battery I could 
obtain a sfMurk at a distance of almost 12 milliins. In all pro- 
bability thia condition would have been permanent had I not 
afterwarda had occasion to use lour pairs of Grove's battery* 
With thia number I obtained sparks at a distance of 16 miUims* 
and upwards^ but oul v for a lew minutes ; afterwards the distance 
decreased conndeFsbly, and at length, when two pairs were agaia 
used, the distance, inatead of bemg 12 millims. as before, waa 
on^v 9*6 millima. 

From this we may conclude, that in order to maintain an 
induction coil in good condition, it must not be strained too 
much, — at least when the current is broken so as to obtain 
sfttrks in air of ordinary density, because in such eases the elec- 
tricity excited possesses great tension, and strives everywhere to 
break open a path between the windings of the wire. Of coarse 
such a deterioration of the coil need not be feared in experi- 
ments where the poles of the induction coil are connected by a 
pretty good oonduetor, for then the tension is either not so great, 
or is not at aU present. In such cases, too, the wire need not 
be so perfectly insulated. For example, the phsenomena of light 
in a partial vacuum are just as good when the wire is tolerably 
wdl iasalated, aa when the insulation ia as perfect as possible;. 

B2 
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nor does au increased length of wire add anything to the bril- 
liancy of the pliyeiiomena as soon as the resistance of the partial 
vacuum is small in comparison to that of the induction wire. 
Without doubt the induction coils for ubtaiuing sparks and 
other phsRnoiuena of tension would be more effective and durable 
if the thickness of the insulating medium were increased. But 
even if the length of wire might then be reduced to some extent, 
the coil would have to be large in size in order to produce the 
desired effects, the inducing coil would have to be increased to a 
corresponding extent, and a stronger voltaic battery would be re- 
quisite ; in short, the apparatus would lose much of its present 
convenient dimensions for practical purposes. 

I believe the above-mentioned imperfections tnis^ht to a great 
extent be remedied, — 1, by not using too thin a w ire (for most 
purposes wire of rr^ilhrn. diameter would, perhaps, be best); 
2, by giving the wire ;i very thick covering of silk; and 3, by 
using a liquid instead of a solid insulating medium, such as a I'at 
or essential-od, e. g. rectified oil of turpentine. Ey this means, 
at least, the gradual deterioration of the coil would be prevented, 
for the openings broken through the silk covering of the wire 
^ by the sparks would be always stopped up again by the liquid. 

The number of parts on the coil might be greater than that I 
have chosen ; the whole coil might be composed of loose and, 
Off course, well insulated rings of wire. In one respect this 
would be advantageous; the rings when defective could be re- 
placed by new ones, bat the apparatus would be therebjf rendered 
yetj complicated on account of the number of connecting clamps 
that would be re(]uired. Neither can we expeet any particular, 
advantage from different combinations of these rings of wire, for 
they are elements of unequal value in consequence of their dif- 
ferent positions with respect to the inducing coil. If it be . 
required to change the length and thickness of the wire in order 
to study their influence upon the phs&nomena^ it will be found 
more convenient to prepare complete apparatus of smaller dimen* 
sions (say four similar to that of my third induction coil), and 
then to combine them as it may be found desirable. 

Lastly, I am inclined to believe that the usual cylindrical form, 
which I have also adopted hitherto, is by no means the most 
advantageous for the induction coil. A solenoid or spindle shape 
would be better, because the inducing coil and the soft iron core 
are most effective in the middle. I have not yet had time, bow* 
ever, to try all these tedious changes in the apparatus. 

Primary Coil, 

I have goterally used three inducing coils, all of which were 
exactly slike. In construction they difer little from the common 
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form, except that thc) contain two insulated copper wires which 
can be used either singly or combined^ side by side or one after 
the other. 

The wire is 1 millnn. thick, and each of its halves about 100 
fe e t Ions:. The lube upon which the wire is coiled in four layers 
IS of inill-ljoard in two instruments, and of glaas m the thii'd, 
and has an internal cliaiueter of 1 i inch. 

In some cases I have also used a fourth primary coil with wire 
only 0'67 millim. in diameter, uud nearly 400 t'cet long; this 
was coiled on a mill-boai J tube. 

It may be here mentioned, that, under otherwise equal cir- 
cumstances, the inducini^ action of a current, just as its magnetic 
action, is a product of its intensity and length ; hence a short, 
tbick wire and great intensity of current may sometimes he ad- 
vantageously replaced by a long, thin wire, and small intensity 
of current^. The last is preferable when the action requires to 
be long sustained, because the voltaic battery is less attacked ; 
on die other hand, however, the inner induction current, the so* 
called extra current, inereaaea in intensity, and leads to diaad* 
vantages, of which more hmaflt«»r. 

Soft Iron Cotcm 

Uaoallv this ia formed of pretty thick wires, or we may almost 
say, amaU bars, held together by a common cap, but yet sepa^ 
rated from eadi other by lome-insulating medium. 
• In some cases I have employed such a collection of bars, but 
oflener I used cores of much thinner wire ; on the one hand, 
because this thinness must tend to increase the action, and on 
the other hand, because I was enabled to construct such cores for 
myself. The wire was only 0*25 millim. in diameter. It was 
heated to redness, cut into pieces of convenient length, bound in 
a bundle with silk thread, and lastly, surrounded with a paper 
covering. 

I found it unnecessary to cover the wires with a varnish, 
partly because the stratum of protoxide which forms on its sur- 
fieuse, when heated, is comparatively a bad conductor; partly 
because the irregularity of the spaces between the wires, none of 
which remain straight, ia more than sufficient to destroy the 
pernicious continuity in the direction of the periphery of the core. 

If care be taken not to diminish the interstices too much by 
unnecessary tightening, such a soft iron core will be as effective 

* The voltaic battery and the volume of the iiidueiiig wire of an induc- 
tioi! coil being given, the maximiitii inductive effect is obtained when the 
resistance of the inducing wire is equal to the residual resistance in the 
battery ; the action of the extra current, however, is here neglected. Tide 
PoggendorflTs AwMlm, vol. Iv. p. 45. 
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as, or iHure no than, un(" of equal weight prepared in the moat 
careful manner by incaiis of strinirs and individually luaulatcd 
bars. Two of the cores which 1 prepared are a little longer than 
the induction coil, G inches long and 13 ounces in weight. A 
third is three times as long^ t. e. IS inches. Each of them con* 
jtaios 4200 wires of the given dimeniions* 

I convinced myself^ however^ that thii number may be dimi* 
niahed witliont injury to the action of the ooil| in which case, of 
fiolttnt, the primarv coil will remain partly unoccupied. In fact, 
I found that a hollow core of the above-mentioned wirea^ which 
contained an empty cylindrical space three^quartera of an inch in 
diameter, and which weighed only half as much as the massive 
ones, was just as effective as the latter. It surprised me to 
observe that when a massive bar of aoft iron was introduced into 
the hollow axis of this core, the action of the induction coil was 
not thereby diminiahed ; whereas the same soft iron bar intro- 
duced alone, in absence of the hollow core, unmistakeably dimi* 
nished the action which the primary coil itself exercised upon 
the induction coil. This fact is evidently analogous to one ob- 
served several years ago by Magnus^ \ iz. that a massive bar of 
iron^ when introduced into a slit tin tube, weakened but little 
the action of the latter*. 

: Fiisctically the soft iron core is of great use, theoretically it 
causes much complication* If it were dispensed with on this ae* 
count, it would be necessary to give the apparatus a different form 
in order not to diminish its action. It would be necessary to in- 
crease the diameter of the inducing coil, and to arrange the 
induction wire half inside it and half outside it, in order to make 
use of both sides of the inducing wire. The soft iron core has 
a strengthening influence, because, by a kind of reflexion, the 
inner side of the inducing coil is made to act externally. 

Current-Breaker. 

For breaking the current I employed as usual a NecPs, or 
rather Wagnei^s hammer, of which I possess two. One is, on 
the whole, coiistructed in the usual manner, i. e. a fixed pin 
descL'iids, and against it, from brlnw, beats a spring tongue with 
a sTiiall plate lixed to it. Aecurdmg to an improvmiPTii intro- 
duced by liiess, there is a second pin underneath the tongue, m 
order to make use of the downward vibrations for eloshig the 
circuit; so that the primary current can not only be doubly 
broken, but also reversedf. These eftVcts can be aecomplished 
in my instrument by means of a ^^inij^ie galvanic battery in con- 
sequence of the two wires around tlie primary coil, the combina- 

* PoggendoriF's Annalm, 1839, vol. zlviii. p. 106. 
t Ibid. vol. xci. p. 290. 
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tioiM fadng tio i^rranged that the curraiit must pass alternately 
9long the om and along the other wire^ in the same or in oppo« 
lite direeliona* 

I havo often employed the aeeond pin^ and a tbick^ angular* 
ihaped wire^ which oonld be eerewed to it and made to preas 
againat the tongne in wtiw to diaplafie ita fulemm^ to ahortea 
the vibrating part^ and thua quicken it« motion. Too qniek a 
motion of the tongue^ howeverj combined with an amplitude lo 
•mall that the vibretiona are acaroely perceptible, and the noiae 
•imilar to that of the humming of a bee, is picjudUal to tiie 
action of the induction wire. 

Tbia inatrument aleo poaaeaaea a eontrivanoe^ by meana of 
whicb> beaidea the firat enmnt« a second can be iimultattemialy« 
and at equal intervala, interrupted. 

Another inatrument waa employed to break the current within 
a liquid. For this purpose the small electro-magnet was placed 
above the armature of the tongue. The tongue earriea the pin 
or hammer; the anvil (a thick platinum wire) ia placed in the 
middle of a imall glass cylinder which reata on a brass pedeatal. 
The platinum wire ia acrewed into thia pedeatal, and around it 
the glass cyUnder is cemented with a layer of aulpbur, whi^ ia 
well adapted to this purpose, because, when cold, it reaista the 
greatest number of liquids^. In other reapecta this current 
Er^er ia eonatmcted in the usual manner, and, aa in the firat 
iostrurnent, the parts which atrike against ope another are of 
platinum, though for certain purposes I have used ailver and 
other metala instead of platinum. 

In moat, if not all, induction apparatoa the cnrient-breaker 
forms an inseparable part of the whole; and in come, as in 
Jftuhmkorff% it ia set in motion by the lame aoft iron core which 
increases the action of the inducing current* I pre&md not 
only to produce thia motion by. a small separate electro-magnet, 
aa in Halske'a apparatus, but also to have the current-breaker 
constructed as a separate inatrument, in order to connect it at 
inU with other inatromenta, and, if need be, to use it under the 

air-pump. 

Neef^a hammer ia, pcrbapa, the simplest contrivance for pro« 
imag periodic interruptions of a galvanic current; but for 
certain purposes, of which I intend to speak another tune, it haa 
one imperfection,— it doea not produce uaifmi interruptions, 
the time during which the eiieuit is brok«i ia longer than that 
^uring which it is clo&ed, end that because the tongue vibratea 
with its whole length downwards from the pin, and only with a 
pait of ita length upwardat In thia reapect If eef 'a haouner dif- 

* For this fesson I Itsive for many jears assd sidphur farecBMatfagthe 
iMwna in the covais cf my GfOfrsMttfliy. 
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fen from the rototiDg eomnt^lireaker^ where a straight electro- 
magnet oscillates horizontally on a point between me upright 
anna of a steel horseshoe magnet, and where the ends of the 

eoeircling wire dip into two semicircnlar merenry caps^ eon- 
neeted with the poles of a galvanic battery^ and separated by 
an insnlating partition. Here the pauses are of much shcNrter 
duration than the moments of activity of the current, becanse 
the former occur ouly when the ends of the wire pass over the 
partition. The oonstniction of this rotating current-breaker 
might, indeed, be so changed as to make the pauses equal in 
duration to the periods of activity ; but to do so would be to 
render the instmment more expensive, and as this equality was 
not necessary in the present investigation, I have continued to 
use NeePs hammer, 

Conde/iser. 

At first my condenser was exactly similar to the one con- 
structed by Uuhmkorff, probnbly according to Fizeau's own in- 
structions ; It consisted of a long piece of oiled silk covered on 
both sides with tinfoil, and folded to and fro in layers so as to 
occupy less space, and to allow only parts of one and the same 
sheet of tinfoil to touch each other. Kacii of these sheets of tin- 
foil was 8 feet long and 11 inches broad. Soon afterwards a 
second condenser, about one-fourth the size of the first, viz. 23 
inches lone^ and 11 inches broad, was used; the folded layers 
were separated from one another by mill-board in order to pre- 
vent contact between the posterior surfaces of the tinfoil^ which^ if 
present, would necessarily be prejudicial. 

Afterwards I became acquainted with the simplification pro- 
posed by Halske, wherein the voluminous arrangement in Ruhm- 
korff^s apparatus is replaced by a single covered sheet of mica 
not greater than the octavo form. 1 have had an opportunity of 
testing a condenser of this kind and of this magnitude prepared 
by Prof. Riess, and I thereby coin iMced myself, that, under the 
circumstances under which the test was applied, its effect was 
very nearly equal to that of the great oiled silk condenser. 

This great superiority of the niiea condenser, in comparison 
to its magnitude, is caused by one of the sides of the condensing 
surfaces being in free contact with the air, and by the two 
surfaces being nearer to one another than was the case with 
oiled silk, which, besides being somewhat thicker than the plate 
of mica, is so bent and folded as to prevent the close proximity' 
of the sheets of tinfoil. 

Mica is an excellent substance for such condensers, but it 
cannot readily be procured in plates of the requisite size. This 
caused me to search for substances capable of replacing it^ 
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amber mniah^ or a aohitkm of ihell-lae in alcohol ; thin wax« 
paper^ andi as may be ]irociired from apothecaries, and covered 
with lac wnish* 'When rigidity, which these preparations pos«* 
gen only in a small degree, is not required, they are fiilly capable 
1^ replacing mica. 

I have prepared many such paper condensers, some containing 
54, others 30 square inches of covered surface. I have tested 
them singly and in pairs^ connecting them in the latter case by 
a strip of tinfoil, and I have found that two together are not 
more effective than one, and that even one of the smaller kind 
was almost as effective as the great condenser of oiled silk. In 
order to discover how far this diminution of the condensers 
could be carried without injury to their actions, others were pre- 
pared containing on each side 16, 9, 4, and 1 square inches of 
covered surface ; some were made of varnished wax-paper, others 
of gutta-percha, and others of oiled silk, upon which, owing to 
their small size, the sheets of tinfoil could be easily and effeetu« 
ally fastened by means of shell-lac varnish. To my astonish- 
ment, I found that all these small cond(*nsers, the smallest not 
excepted, were, with respect to the fcn^/A o f the induction sparky 
just as effisctive as the two great ones of oiled silk ; at least the 
differences were very irregular and very trifling, bo that, without 
difficulty, they could be ascribed to the changes which the parts 
of the contact-breaker which hammer against one another sufibr, 
owing to the sparks which are produced between them. The 
sole aidvantage which tlie great condensers possessed over the 
small ones was, that the former produced less noisy sparks than 
the latter. With the former, too, the sparks followed one another 
more quickly when the distance between the poles approached 
the limit at which the sparks can be obtained singly, or even at 
all. On this account, therefore, the great condensers are not 
superfluous, nor are they so for other reasons. First, all the 
results mentioned were obtained with a current from one or from 
two pairs of Grove's battery ; and the comparison of both cases 
appeared to indicate, tliat, by employing a more intense galvanic 
current (to which, however, 1 intentionally would not expose my 
induction coil), the rektion between the actions of the different 
condensers would change. Secondly, in the induction apparatus, 
the action of the condensers is essentially iniiuenced by the extra 
current y i. e. the in duet ion eurrent which is produced in the 
circuit of tlie mdueini; c urrent itself, when it is brolum. 

All that has hitherto been said applies only to the case where 
this inner induetion eurrent is comparatively weak, consequently 
to the case where the primary current traverses a comparatively 
short and thick wire. If the former current is streinAthencd by 
conducting the latter through a long and thin wire, without at 
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amongst which were post-paper, covered on both aides with 
the same time changing anything connected with the source of 
electricity or the soft iron corp, the action of all small condensers 
considerably decreases, and that the more the smaller they are, 
until in the smallest no action whatever is ob=^crviible ; the great 
condensers, however, retain their force undiminished. J con- 
vinced myself of this by so combining the wires of the primary 
coil as to cause the current, instead of traversing, two wires side 
by side, to traverse one after the other ; therefore, instead of a 
wire of double section and single length, one of single section 
and double lenp-th was employed. The phaenonn non was still 
more jieiceptible ^vhen the latter wire, which was now 1 millini, 
thick and 200 t( ei ioni?, was replaced by a wii e ^ids of a miilim, 
thick and 40U feet long, without chanp-ing anything else about 
the apparatus. In both cases where the primary current waa 
comparatively weak, and the inner induction current compara- 
tively strouiT, the condetisei- of 1 square inch surface^ which waft 
before so etfective, was now almost without effect. 

Thirdly, the action of condensers depends essentially upon the 
induction coils on which their influence is to be exerted. All the 
results before mentioned were obtained with a very thin induc- 
tion \Mre, 10,000 feet long; when the thicker wire, 2100 feet 
long; was employed, the small condensers again manifested a 
very small action, and sometimes none whatever; indeed, the 
two smallest condensers appeared not only not to strengthen the 
development of sparks between the jiules of the induction coil, 
but actually to weaken the same. This pha^uomenon manifested 
itself equally when the galvanic current traversed a short and 
thick, or a long and thin wire. On the contrary, however, the 
two large condensers of oiled silk still retained, in both cases, 
their former energetic action ; indeed it was clearly perceptible 
that the condenser 6 feet in length was superior to the on« 
2 feet long. 

Hence the stronger the galvanic battery, the longer and more 
conducting the circuit of its current, and the thicker and mope * 
moderate the mductioii wire ; in short, the more intense and 
energetic the inner induction or extra current is made, the greater 
the condenser must be m order to obtain an euei irc tic develop- 
ment of sparks between the poles of the apparatus-^ . When the 
extra current is very intense, it passes through the condenser 
the more easily the smaller its surface; and from the sparks on 
the current-breaker, it is easy to see that the actual outer induc - 
tion current has an influence upon the weakening of the extra 

* I may also add, that the degree of uisulation of the indnetion wire 
Appeared to exercise aa indueace upon tlie actiou of the coudeuser ; this 

HeCiDn q^pearpt} t9 umivms the mora imperfect tlw tni^rilioii Iimhm* 
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irarrent, for under all circumstancefi these sparks «re smaller with 
a loug thin indiftetion wire than with a short thiek one. 

What has here been said of sparics in free air^ is partially traa 
also for the phsmonma of light in a partial vaeunm. Under 
4ythenrise equal circamstances they m not so fully developed 
with BmaU, as with large condensers. 

Nevertheless it must be here remarked, that in general the 
atreogthening action of condensers is less prominent the more 
intense the induction currant itself^ and the more perfect or 
oondncting the vacuum. When the current in the induction 
ariie was excited by two of Grove's elem^ts, and the receiver 
exhausted to a few lines of mercury pressurci the great condenser 
itself scarcely exerted any influence upon the light produced i 
<m the other handj however^ this influence immediately mmu 
fiested itself when a little air was introduced^ or when the long 
tiiin induction wire was replaced by the short thick one. 

In all condensers^ the wires which connected the same with 
the hammer were always at a short distance from, and on oppo* 
site sides of^ the point of interruption. They can be connected 
with other and more distaat points of the circuit, but by so doing 
their action is wesker. 

Valiaie Batieiy, 

On this subject I have only to remark, that, owing to the 
small dimensions of my apparatus, I never found it necessary to 
use more than two of Grove's elements, all the phsenomena which 
I wished to study being sufficiently developed with that number. 

Addttional Apparaius* 

Amongst these may be mentioned the small instrument^ which 
I will call a discharger. It is requisite in order to observe many 
of the phaenomena of the induction apparatus with convenience 
and without being exposed to electnc shocks. On the whole^ 
my dischai^er has somewhat the form of a spark micrometer, 
but its use is more general; the platinum wires, carried by glass 
rods and connected with the poles of tlic induction coil> are, in 
the horisontal position, capable of a horizontal, vertical, and 
rotatory motioa | and, in the vertical position, they can be phMsed 
side by side, or one above another. These wires, on whose ex* 
tremities thinner wires, knobs, or discs can be fastened, serve 
slso, when ii^ a vertical position, as electrodes in the chemical 
deoompositiottff which can be effected by means of the induction 
current. 

The second apparatus of this kind is known as the electric 
egg, whose construction needs no description. 
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I have employed two^ of unequal dimensions. The axes of 
the greater are 10^ and 7 inches in length, and in it points^ 
spheres^ and discs can be introduced. The axes of the smaller 
one are 4^ and 3 inches in length. For most experiments the 
latter is snffieient, and besides this, it possesses the great advan- 
tage of being exhausted^ to a few lines of pressure^ oy means of 
a few strokes of a good air-pump. 

I have also employed an extra plate^ such as is famished with 
most ab-pnmps, but modified so as to suit the institution of 
electric experiments in a vacuuui. A glass disc is cemented 
upon the brass disc; in both two holes are made, in which 
two thick copper pins are fastened so as to be air-tight, and 
yet not to touch the brass ; these pins project above and below, 
are 6 inches distant from one another, and their extremities are 
provided with holes and clamp-screws, so as to receive the 
necessary connecting wires. By means of the glass disc, many 
experiments can be made which it would be impossible to 
make in the egg ; for upon it several kmds of apparatus can be 
placed, and over all a bell-shaped receiver can be inverted in 
order to f^nrround all by a vacuum. The arrangement is also 
more air-lii,^ht than the egg, as it contains no stuffinp-box, which, 
however, should motion be required during the experiment, can 
be added to the glass receiver. 

[To be continued.] 



II. 1. Detcripti&n of a new Meteoric Iron from GMU, corUam* 

ing Native Lead. By B. P. Gbbg, Etq.^ 
2. FaU of a large maas of Meteoric Iron at Corrientes in South 

America^. 

1« A SHOBT time since I purchased a mass of meteoric ' 

.^jL iron weighing upwards of i 7 lbs. ; its shape was irre- 
gular and cnp-like, considerably convex or hollowed out on one 
side, and the external surface more or less covered witli small 
angular and conchoidal projections. It was found by Mr. 
Greenwood, Reporter of Mineral Properties, on the 26th of 
February, 1840, on the desert of l arapaca, 80 miles N.E.ofTal- 
caliuaxo, and 46 miles from Hemalga; and was afterwards ana- 
lysed, in 1853, by Mr. George Darlington, of the Museum of 
Practical Geology, with the following results : — 

Comtnuiiieated by the Author, 
t From the liverpool Literaiy and jPhiloaophical Sodeiy's JournsL 
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trace 




99-80 


99B5 



In general composition it therefore closely resembles the 
majority of riieteonc irons hitherto analysed. I am unable at 
present to say if it contains Sckreibersite» 

The specific gravity of a slice weighing 6 oz., containing, how- 
ever, cavities, and other matter, I found to be about 6*5. For 
meteoric iron it is peihajis unusually soft; and though it sliows 
11 u iLguIar crystalline or Widuiaiinstattiuii fiLrures when a polished 
surface is treated with nitric acid, yet there is apparent a slightly 
welded or mottled texture, brighter in some parts than in others. 

It was not, however, until the iron had been cut up into slices 
for the purpose of polishing and for exchange, that 1 discovered 
it had not a perfectly homogeneous structure, but was in many 
places more or less honeycombed with cavities^ some of which 
actnallj eoatained what appeared to be pure Uad ! Li acm&e tiie 
lead was not larger than a pellet, and did not M the entire 
cafity which contained it ; in others the entire cavity was filled 
with lead^ in siie equal to a pea. Professor Shepard of Ame- 
rica, who ia BO well acquainted with meteorites, along with Dr. 
Heddle and mysdf, saw some slices of this iron slit in the work-> 
shop of Mr. Young the lapidary, at Edinburgh, and we took lead 
out of the cavities immiNiiatelY after they left the lathe, so that 
there eonld be no deception whatever. 

To be quite certain, my friend Dr. Heddle examined some of 
itg and found it to be chemically pure lead; when the tarnished 
snriice was not scraped off, small quantities of iron and alumina, 
and mere traces of phosphorus and magnesia, were found. 

There are also two other substances in some of the cavities of 
this singular iron, which Dr. Heddle^ when he has analysed, will 
separately report upon ; the one a very hard, grayish -black, semi- 
metallic mineral ; the other yellowish-brown, insoluble in acids, 
and with an earthy texture. 

This is the first authentic instance of the existence of lead in 
meteoric bodies, and to find it so closely allied with, and buried, 
as it were, in metallic iron, is not only in itself singular, but 
difficult to account for. It is, however, probable that the lead 
was originally held in alloy along with the nickel and cobalt, 
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and on intense heating or partial fusion of the iron mass, 
" sweated out into vesicular cavities. 

Should this be a correct view, it is a proof of the intense heat 
to which iron meteoric masses appear to have been subjected at 
the time of, if not preirious to, their reaching the surface of the 
earth. Indeed meteoric etcnee seem to have been snl^ected to a 
much smaller degree of heat while falling, than tnm masses, if 
we may judge by appearances, the only sign of fosion in Honee 
bein^ quite ext^tu, and merely marked by a thin, black, and 
shinmg crust. 

Iron fblls are extremely rare compared with what are called 
etone falls; so much so, indeed, that there are not more than 
three or four authentic accounts of the fall of iron masses, and 
these not large ones, baring no comparison to the enormoas 
masses weighing from 6 to 20 tons, which have been ooeasionally 
found on the plains of Mexico and South America. See Phil. 
Mag. for Dec. 1854. 

2. Should any one be inclined to doubt the Act that tach 
immense masses of iron have not, strictly speaking, a meteoric 
origin, I have added to this paper some particulars of the fall of 
one in South America in the year 1844, that first appeared in a 
philosophical journal some years ago, but which, from having a 
local* circnhttion, has not received the notice which it so emi- 
nently deserves. 

It IS important to notice the state of intense fusion exhibited 
by the entire mass at the time of faUing ; * Mr. Symonds's descripo 
laon is most graphic The account was given in a letter, read 
by Mr. Dickinson, tern the observer of the pluenomenon, a 
Mr. H. E. Symonds; and the following is an extract : — 

Having been deeply engaged in Argentine polities and wars 
in 1843 to 1844, I accompanied the Corrientine army in its 
invasion of the province of Sntre Bios. This army returned 
from that expedition in Jamisry 1844. Our rear, in which I 
marched, was so continually harassed by Entrerian skirmishers, 
that for ten days before we had gained the Corrientine frontier, 
we had no time to sleep or change clothes ; but soon after pass^ 
ing this, in Carritas Faso, on the river Mocorita, we placed a 

Saard in the pass, and deeming ourselves secure, the whole 
ivision abandoned itself to the profoundest sleep. 
"From this sleep we were ail simultaneously awakened at 
about two o'clock in the morning; and as if actuated by elec* 
tricity, each individual of our division (about 1400 men) sprung 
on his feet at the same moment. An aerolite was falling. The 
light that accompanied it was intense bc^yond description. It 

* See PToee€(lin^<; of the Litctaiy and Philotophiesi Society of Uvei^ 
ipooi. No. h tetton 1853. 
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fell in an oblic|ue direction, probably at an angle of about 60® 
with the earth,, and its course was from cast to west. 

" Its appearance was that of an oblongated sphere of fire, and 
its tract from the sky was marked bv a fiery atieak, gradually 
fading in proportion to the distance from the mass, bat as in- 
tensely luminous as itsdf in its immediate minity. The noise 
tbat aeoompanied it, though unlike thunder,, or anything else 
that I havo heard, was unbroken, ezeeedingly lond and terrific* 
Its fall was aeeompanied a most sensible movement of the 
atmosphere, which I thought at first repellent from the falling 
hody^ and afterwards it became something of a short whirlwind. 
At the same time I and my companions all agreed that we had 
experienced a violent electric shock; but probably this sensation 
may have been but the e&ct on our drowsy senses of the inde- 
scribably intense light and noise* The spot where it fell was 
about one hundred vards from the extreme right of our division, 
and perhaps four nundred from the place where I had been 
sleeping. Accompanied by our general (Dr. Joaquin Madauaga), 
I went within ten or twelve yaras from it, which was as near as 
ita heat jdlowed us to approach. 

The.mass appeared to be considerably imbedded in the earth, 
whidi was so heated that it was quite bubbling around it. Its 
siae above the earth was perhaps a cubic yard, and its shape was 
somewhat spherical ; it was intensely ignited and radiantly light, 
and in this state it continued until early dawn, when the enemy, 
having brought his artillery to the pass, forced us to abandon it 
to continue our maidi* I may mention^ that, at the time of its 
frll, the sky above us was beautifully clear^ and the stars were 
perhaps OK>ie than usually bright; there had been sheet light- 
ning the {Mrevioua evening. ^ 

''I never afterwards had an o^[iortunity of revisiting the 
Mocorita, for our permanent encampment was tbirty>five leagues 
to the north of that pass, between which and our encampment 
the country was entirely depopulated by our long war ; but as 
the spot where the aerolite fell was known to many of our sub- 
altern officers, who were frequently sent to observe the frontier 
of Entiv Rios, I have heard them de£>cribe it as a ' piedra de 
herro,^ i. e. a stone of iron ; aiHl I once provided one of the rimst 
intelligent of them with a hammer in ord( i' that he miglit bring 
me a sample of it. On Ins return, he told me it was so excess- 
ively hard that the hammer bent, and was broken in unsucoess* 
fttl attempts to break oft a small piece of it'* 
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IIL On the Relation of ike Transmission of Radiant Heat 
ihrtmgh Crystals to the direction of Transmission, By H 
Knoblauch, Professcr of NatwrdL PkHosqpky in the Unwer" 
Hfy of HaUe*. 

IN a memoir, a full translation of which is given in the last 
volume of the Scientific Mcinuirs, M. Knob] audi showed 
that radiant heat passed in different quantities m diflcrent direc- 
tions through certain uniaxal crj'stals ; and also that the quality 
of the heat, after having traversed the crystals in ditfcrcut direc- 
tions, was different. In the present paper he extends his re* 
fleurches to biaxal crystals. 

The transmission of radiant heat through a number of plates of 
Inaxal crystals, which were all cut perpendicular to a line bisect* 
ing the acate angle endiosed by the optic axes (the " middle 
line^')j was first eraimined, A beam of light was conducted by 
the mirror of a heliostat into a darkened room, and permitted 
to pass through a NichbPs piism hefim reaching the crystal. 

When the principal section passing through the obtuse angle 
of the prism was vertical; the rays issuing from die prism were 
polarised in a horisontal plane; and when it was required to 
polarise them in a yertical plane, the prism was simply turned 
through an angle of 90 degrees* Having traversed the crystal, 
the rays fell upon a thermo-electric pile, and the deflection 
produi^ was a measure of the amount of heat transmitted. 

Operating in this manner with yellow heavy spar, M. Knob- 
lauch found that when the plane of polarisation of the rays 
enclosed an angle of 90° with the plane of the optic axes, the 
heat passed in greater quantity in the direction of the middle 
liuQ than when both planes were coincident, the ratio of the latter 
quantity to the former being 100 : 112. 

The quaUty of the heat which had passed thorough the crystal 
was next examined, and proved to be the same, whatever the 
plane might be in which it was polarised. This result was 
obtained by introducing a diathermanous body in the path of 
the rays between the crystal and the pile : it was found tnat the 
quantity falling on the diathermanous body always bore the same 
ratio to the quantity transmitted by it, no matter how the rays 
might have been polarised. 

The next crystal examuied was a reddish-yellow topaz, and the 
result was dinerent from that obtained in the case of heavy 
spar. In topaz the heat travels in greatest quantity in the 
cUrection of the middle line^ where iSnb plane of polarization 
coincides with the plane of the optic axes. The ratio of the 
respective quantities found by M. Knoblauch was as 100 : 96. 

* Abstncted horn PoggeudorfiTs Annalen, vol. xdii. 
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Qaalitative difoences wm akto observed in tbis cote, de- 
* pendent on tlie position of tlie plane of polarisation. Glaaaea 
of different colours were used to test the quality of the heat. 
Galling the quantity &lling upon the pile previous to the intro* 
daction of the glass 100, the ratio of tnis quantity to that 
whidi passed through the glass in the respective eases is given 
in the foUowing table I— 





Plane* coincident *. 


Wtimi cronod- 


Yellow glass 


lOe t 44 

100 : 58 

100 : 11 
100 : 49 


100 : M 

100 : 60 

JOG : 16 
100 : 45 



We must eonelude fcom this table that the heat whose plane 
of polarisation coincides with that of the optic axes^ possesses, 
after its passage through the topaz^ a greater power of traversing 
the blue glass than the heat whose plane of polarization is per- 
pendicular to that of the optie axes. The former, however, 
passes through the green glass in less quantity than the latter. 

These differences were exhibited in a &r more striking manner 
in the case of a plate of yellow-grem hornblende, For the sake 
of brevity, we will call the quantity of heat which passes through 
the crystjed when llie planes of the optic axes and that of polari- 
zation are coincident, Q, and the quantity which passes when 
the planes are at ri^ht angles to each other, Qf. In the case of 
hornblende, the ratio of Q to Q' was as 100 ; 133. 

Qualitative differences also exhibited themselves here, as is 
manifest fimm the following table : — 



1 

' Planes coincident. 


Plane? crossed. 


Green glass ...... 


100 : 61 
100 : 4 
100 : S9 
100 : 97 


100 : 53 
100 : 17 
100 : 41 
100 : 71 



We here observe, that the rays which pass in gi i atest quantity 
through the red and yellow 2:lass are the most intercepted by 
the f^reen and blue. Wp also see that a characteristic dilTerence 
exists between the heat issuing from hornblende and that issuing 
from topaz. For the lieat whose plane of polarization coincides 
with that of the optic axes, possesses, in the case of topaz, a 
higher power, and in the case of hornblende a lower power, to 
radiate through the blue glass, than the heat whose plane of 
polarization crosses that of the optic axes. 

In the case of a plate of jjistaciie the ratio of Q to Q' was 
found to be as 100 : 146. 

* t. e. the plane of polanzation and the plane of the optic axes. 
Phil. Mag. S. 4. Vol 10. No. 63. July 1855. C 
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The qualitative diffonneei Aat wore obtenrod ue eshSiited in 
tho UnUowmg table 





Planes coincident. 


PInncs crossed. 


Green gUia «•»... 

lUue gla'^^ 


100 : iO 

100 : 12 

100 : 47 
100 ; 53 


100 1 44 
100 1 10 

100 t d6 
100 : 59 



It is worthy of remark, that with the aame poeition of the 
plane of poluniation and d the optic asei, the hea^ in tho eue 
of hornblende^ t>a88e8 worse through blue glMft and better 
through yellow glass ; and in the case of pistacite^ better thn>u^ 
blue glaia and wmo through yellow glass^ thui the raya for 
which the planes enclose an angle of 90^. In the oaae of red 
and green glass this antithesia is not obsenred. 

M« Knoblauch next placed two plates of pistaoite togethar, 
both out at right angles to the midale line, and exanunod their 
effect upon the passage of heat in the direction of the said4ine^ 
first, when the planes of the optio axes of both plates were 
coincident ; and secondlyt when they wdre at right angles to 
each other : the proportion of the quantity transmitted were 
as 100 : 130| the former representing the quantity transmitted 
when the planes were at right angles to each other, and the 
latter the quantity transmitted when they were parallel. 

Qualitative difieroices Were also exhibited, as shown by the 
following table 





Planes of the optic axes of the two jilates. 


Perpendicular. 


Parallel. 


Red glass ......... 

YeUow glMi 


100 1 62 
100 I 10 
100: 49 
100 t 41 


100 : 40 
100 t 24 
100 1 27 
100 1 8$ 



In these CTpprimcnts the NichoVs prism was removed, and 
the lip-ht (lirrrt fioin t!ic mirror of the heliostat was permitted 
to pass throu^li both ]jiates successively, 

A plate of i/rovm mica yfSiS next examined, in the same manner 
as tiie lieavy spar, topn/ and hombl^de. In this case the ratio 
of Q to Q' was as H a) : 109. 

The power of the heat to pass throug;h glaaies of different 
colours ia exhibited in the followiug table 





Fbacs coincidMil. 


PlaimcioiMd. 


T^ed p-las's 


100 : 52 
100 I 14 
100 : 42 
100 : 61 


100 : 4d 
100 1 17 
100 : 37 
100 : 67 
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In this case, the differences, both quautitative and qualitative^ 
in both groups of rays are evident. 

The ease with which plates of mica of any required thickness 
may be olitaiiiedy rendered this body peculiarly adapted to show 
the manner in which the differences euiibited «boyo were affected 
hy the thidoteiB of the pktet. 

In the first pkee^ a plate was ehoaen of about one*third the 
thieknew of tibe pktet made use of in the foregoing experiments. 
The proportion of Q to Qf> that is^ of the quantity transmitted 
when the plane of polarization was parallel to that of the optic 
axes, to the quantity transmitted when both planes were at right 
an^^ to each other^ was as 100 : 107. 

When, however, instead of sending the heat thnragh one 
plate of mica, it was settt throu^ a nnmber of plates whose 
total thickness amounted to about six times that of the single 
plate, under the same circumstances the proportion of Q to Qf 
waa as 100 : 119 ; a proof that the quantities of the two systems 
of rays polarized at right angles to each other differ the more 
from each othi^ the greater the thickness of the crystal through 
which thej have to pass. 

To ascertain the influence of thickness upon the quality of 
the transmitted rays, M. Knoblauch proceeded as follows : — 
Having determined the rate of the quantities of heat transmitted 
direct from the plate oi miea to tl^ thenno-dectrie pile^ a dia- 
thermanous body, a green glass^ for exampk, was introduced 
between the mica and the pile, and the effects produced when 
the pknes were coincident and at right angles to each other 
were compared. If the ratio observ ed, as before the introduc- 
tion of the glass, showed itself here also, it would }>e a proof 
that equal proportio!i^ of both groups of rays were transmitted 
thronLrli the grecji ii;lass. If the ratio were changed, it wonM 
show that the two systems of polarized heat had travers( d the 
green plass in unequal qiiantitirs, and were therefore quahia- 
tivcly diiierent £rom each other alter their passage through the 
mica. 

It was found, in the case of a single plate of mica, that the 
proportion of the two quantities mentioned, before enterinx? the 
glass, was as 100 : 107. After passing through the ghiss the 
pro})ortiou was precisely the same. After passing tiirt iiq^h 
about three times the thickness of mica, the jjioportion, btjiuie 
reaching the ^Ivlss, was as 100 : 120; but after passing throuerh 
the ^een ijlass, as 100 : 170. Doublin^^ ihc last thickuess, 
the ]n-opoiliuri before entcrinje: the f^-hiss was as 100 ; 126, but 
atter leaving the glass it was as 100 : 284. 

It thus appears that the ditiercnce of transmission of the two 
differently polarised groups of rays, through the same diather<« 

C2 
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manons substance, may be increased from zero to a very great 
amount, by simply augmenting the thickness of the crystal. 

Similar eiperiments were made with red^ blue and yellow 
grafts. Tlie reanlta are eontained in the fiiUowing table 



• 


ndnpbtaarniM. 


Thick plrtt«ranau 


Planet 1 Planes 

flOIMUWniKvl CnMOO* 


Pluies Piaaes 


Befors ptHige throaj^ ... 

Bed glass 


100 : 101 

100 : 99 


100 1 ISO 

100 : 117 


Before puiage fhnmgli 
Gieea glass 


100 : 107 

100 : 107 


100 I m 

100 : 284 


Before passage through ... 

Bine g^ass 


100 ; 111 
100 : 105 


100 : m 

100 s 104 


Before passage through ... 


100 : 112 
100 1 118 


. 100 : 124 
100 s 185 



From this table we derive the general conclusion^ that the 
quatitatiTe difference of the ravs which we have here compared 
become more evident as the thickness of the Cfystal through 
which they pass is increased. 

In all the experiments hitherto recorded, the direction of the 
calorific rays was that of the line which bisected the acute angle ^ 
enclosed by the two optic axes. M. Knoblauch next proceeded 
to com part the quantities of heat transmitted in different direc- 
tions by the same crystal. 

The Nicholas prism was removed, and the direct solar rays 
were |jcrniittcd to fall upon a cube of dichroite ; the rays first 
passed ui the diiectiou of the middle line just referred to, and 
afterwards in the direction of the line which bisected the obtuse 
angle enclosed by the optic axes, the " supplementary line." 
The quantity transmitted in the former case, compared to that 
transmitted m tlie latter, was as 100 : 36. 

The crystal was next placed so that the supplementary line, 
and with it the plane of the optic axes, was vertical, and the 
quantity of heat transmitted along the middle line was com- 
pared with the quantity transmitted in a direction at rjp:ht 
anijles to the plane of the optic axes; these quantities were 
iuuiid to be in the rauu uf 100 : 16. 

In both these cases, therefore, the quantity transmitted along 
the middle line was greatest. 
. Comparing the direction of the supplementary line with the 
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perpendicular to the optic axes, the quantities tiansmitted in 
these respective directions were found to be in the ratio of 
100 : 139. Although the crystal here examined exhibited cer- 
tain mechanical defects, M. Knoblauch considers it certain that 
the differences stated cannot be referred to this cause. In the 
case or (lichroite, radiant heat passes in the direction of the 
iQuldic li]]c in tlic greatest quantity; in less quantity perpen- 
dicular to the plane of the optic axes, whereas the direction of 
minimum transmission is that of the supplementary line. 

The qualities of the heat passing in these three directions 
were next examined. In the first compartment of the following 
table, the heat transmitted parallel to the middle line is com* 
pared with that transmitted parallel to the supplementary line; 
in the second compartment^ the middle line and the perpndi* 
cnlar to the plane of the optic axes are compared ; and in the 
third compartment^ the supplementary line is compaxed with 
the perpendicular to the plane of the optic axes. In all cases 
the quantity falling upon the glass is set sslOO, and the ratio 
of this quantity to that which passes through the glass is stated. 





TmUd to fhe middle 

line. 


FuvUd to flie supple- 
menturylioe. 




100 : 71 

100 i 18 
100 : 54 
100 ; 31 


100 : 25 
100 : 60 
100 : 62 
100 : 14 




Pualld to tiie middle 

line. 


Peqjendicnlar to the plane 
of the optic axes. 


Red eTnss 


100 : 78 
100 : 16 
100 : 51 
lOO ; 24 


100 : 67 
100 : 27 
100 : 54 
100 : 20 




Pwallel to ^e supple* 

iTirntnry line. 


PerpeniBevIirtoflie plane 

nf the nptir aTP,^. 


Bed ^iw 


100 : 34 

100 • GO 
100 ; 51 
100 : 22 


100 ; 71 

100 : 20 

100 : 54 
100 : 22 



From these observations M. Knoblauch concludes, that the 
properties of calorific rays are different, that is, they possess 
different powers to pass through the same diathermanous body, 
according as they have traversed dichroite in the direction of 
the middle line, parallel to the supplementary line^ or perpendi- 
cular to these two directions. 

A cube of blue topaz was submitted to a similar eiainiyation : 
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lie re it was t'ouud that the calorilic rays passed m greatest 
quantity parallel |o the supplementary line, in lesa quantity 
peipeudiciilai to the plane of the optic axes, and least of all in 
the direction of the middle line, a deportment antithetical to 
that of dichroito being thus exhibited. Small qualitative differ- 
eacc» were also observed where the heat waa tranamitted through 
the various coloured glasses. 

Eemarkable quantitative and qualitative differencea \m •hovn 
in the esse of a twin crystal at mopside, acoording as Aa edoiific 
rayi wm trtmmittoi tbiouffh it m one or the other direotion. 
fim dl the experimente made wi& himi cryttdti H. Knoblaaeh 
eonsidBra the Met to be plaoed beyond doubtj that eortain of 
Aeee eiyatala trammit ouoriflo raya with different beilitiea in 
different dureetiona) and after thia tranamiaaion exhibit different 
properties] farther^ that for polariaed beat« diffaieneea are ob* 
aerved in one and the same direction aecording aa the plane 
of polttiiation ecMneidea witii or is perpendicidar to that of the 
optic axea. 

. In the memoir alluded to at the eommencement of thia aba* 
traet> M» Knoblauch showed that the transmission of heat 
through certain crystals possessing but one optic axis, was de- 
pendent on the direction of transmission. In addition to the 
observations there recorded, he has recently made others on 
amethyst and idocrase, and finds, in the case of amethyat^when 
polarized heat is used^ that the calorific rays which paas per- 
pendicular to the axis of the crystal are different, in quantity 
and quality^ according as their plane of polariaation occupies 
the one or the other position ; but when the rays pasa in the 
direction of the eryataliographic axisy no aueh differences are 
observed. 

The transmission of unpolarif ed heat was not examined in the 
case of amethyaty but in the case of idocraae the quantity of 
natural rays transmitted parallel to the axis was to the quantity 
transmitted perpendicular to the axis as 100 : 78 ; qualitative 
differences were also exhibited by the two groups of rays. 

These differences were not observed in the raya which passed 
through the crystal in two directions at right angled to each 
otlier, aiul also at rip:lit aTiD:les to the optic axis. 

When polarized heat was used, the quantities transmitted 
when the plane of polariz^ition \Yas respectively parallel and 
perpendicular to the axis, were found to be in the ratio of 
100 : 79. Considerable qualitative differences were also ob- 
served in these rays on tcstin;^; them by coloured glasses. W hen, 
however^ the plane of polarization was preserved coincident with, 
the optic axisj no matter how the direction of the ray through 

the crystal might be changed, neither qualitative nor quantitativQ 
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difierencot were diacernible. From aU his obaoffiliciui on 

mineral crystals M. Knoblaueh concludea, that with oerlaiii 
bodiea of this dau oitoific rayt eihibit ])oth quantitative 
f|Bslitative difo^nces dependent on the directioa of the rmi 
through the orjfital. Only in directioiui which are perpendienur 
to the optio aua are the effects the same. If the heat is polaiw 
ised^ diffmnooi dependent on the position of the plane of 
polariaation are obaismd in one and the aame dtmetion. Hew 
•Ifo the radiationi perpendicular to the axis are the 8ame« 
Along the axis alone is the transmission of the heat, and ita 
further deportment dependent on the plane of pokriaatioit. 
The differences spoken of are greater in the oaie of polariied 
than ot natural rays, when the plane of polarisation in the one 
Cfise has the same direction as tlie axis, and in the other, en- 
closes an angle of 90° with it ; llie differences disappear alto- 
gether when the plane of poUrijUktioa ia kept eoincident with 
the crystallographic axis. 



IV. NoU» on Minsraloffy. — No, II. Om tk$ CkaniM Cempo^ 
sithn of tht Cframtes of the South-east qf Ireland, By the 
Bev. Samubl Hauohton^ Profemr O^Qh^y in the Vmer' 
eity of DubHn*» 

THE granite?? of the south-east of Ireland occur in the coun- 
ties of Dublm, Carlow, Kilkenny, Wicklow. and Wexford, 
%nd may be divided physieaily nito two distinot trroups r — 

Ist. The chain of granite hills extending from Booterstowu 
and Balkey, co. Dublin, in a N.N.B., 8.S.W. direction, to ?oul- 
mounty in the south of the county of Carlow, witliin five miles 
of New Hosa. This granite chain has a length of 08 miles, and 
a breadth varying from 8 to 15 miles. 

2nd, The series ol granite hills occurring at intervals in the 
slate of the counties of Wicklow and Wexford, isolated from 
each other, and rising like islands throuirh the slate. This 
group of granite hills lies between the niaiii chain and the rob, 
and appears to be arranged in lines parallel more or less to the 
axis of the main chain. These granite hills are about twenty in 
number, and extend for a distance of 43 luiles from Baliinaclash, 
county Wicklow, to Camarus Hill, county Wexford. 

Hitherto, so fer as I am aware, no decisive proof of difference 
of geological age has been diseovered between these two groups 
of gfranitea ; they are both newer than the Silurian slates, which 
they penetrate and metamorphoBe. 

* Commiiniffated hy the Aw|to» 
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■ Such being the state of geological knowledge on this subject, 
it occurred to me tbat it might be useful to direet attention to a 
distinction of a chemical character which appears to exist between 
these two groups of granites, — a distinction to which I have been 
led in the course of a series of analyses of Irish granites^ in 
which I have been for some time engaged. The distinction to 
which T have alluded is the following. The granites of the 
mam chain contain more potash than soda ; and i^V^ rn-sfd, the 
granites to the east of the chain, whicli arc isolated from it and 
from each other^ Cdiitain more soda than potash ; showing that 
the eircLiMistaiK cs, unknown to us, luider which the isolated 
granites were formed, were such as to yield to the molten mass 
a quantity of soda greater than that possessed by the granites of 
the principl chain. 

In illustration of the foregoing generalization, I offer analyses 
of granites from the following localities ; — 



Oramlic ekam. 

1. Dalkey, Co. Dublin. 

2. FozradE, Co. Dublin. 

3. Three Rock Mmmtain, Co. 

Dublin. 

4. Enniskerry, Co. Wicklow. 

5. Ballyknocken, Co. Wicklow. 

6. Killballyhugh, Co. Carlow. 

7. Blackstairs, Co. Wexford. 

8. Ballyleigh, Co. Wezfofd. 



Isolated pramies, 

1. Cushbawn, Co. Wicklow. 

2. CroghanKioshela, Co. Wicklow. 

3. Ballymotymore, Co. Wexford. 

4. Baliynamuddagh, Co. Wexford. 



It will be seen, on reference to the Ordnance Map, or any 
good map of Ireland, that the localities selected extend from the 
north to the south of both the granite aeries | and on reference 
to the geological maps of Wicklow andW^ord^ it may be ob- 
served by those unacquaipted mth the geological strdc^ure <ji 
this part of Lrdand^ that the granites of the' second group ex- 
amined are taken from the distinct and distant isolated patches 
of granite. 

In order to investigate the relative proportions of .quarts, fel- 
spar and mica^ of which these granites were oomposedj I used 
the following method, which appears to be as simple as any that 
has been proposed for such a purpose. 

Let the per-centage of silica in the granite be divided by the 
atomic weight of silica, and let the quotient be denoted by a. 

Let the per-centages of alumina and peroxide of iron be divided 
by the atomic weights of alumina and peroxide of iron respect- 
ively^ and let the sum of the quotients so found he denoted by b. 

Let the per-centages of lime^ magnesia, potash, and soda be 
divided by the atomic weights of these elements, and the sum 
of the quotients calied 
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Then, on the hypothesis that the granite is composed exclu- 
sively of quartz^ felspar^ and mica (margarodite)^ since 

Quarts asSiO^ 

Felspar = UO, SiO^ + R«0«, SSiO^ 
Margarodite «R0, SiQ^+2(E^0^, Si03)+2H0, 

wc find, if Q, F, M denote the number of atoms of (juartz, fel- 
spar, and margarodiLc present in the granite, the folluwiu^ rela- 
tions 

A=F + 2M y (1) 

csF+M J 

In these equations, a, b, c are pvcn by the analysis ; and 
from these equations, Q, F, M uia) bo fouud. Having deter- 
mined Q, F, Si, we can obtain the per-ccotages correspoudmg 
to them by multiplying Q, F, M by their respective atomic 
weijsrhts. The atomic weight of quartz is kuowu, and is 46; 
but the atomic weights of felspar and mica vary with the rela- 
tive proportions of the mgredienta composing these minerals. 
Assuming the average of the analyses of micas from this gi*anite 
range already given by me (Phil. Mag. vol. ix. p. 272), it is easy 
to infer from it an atomic weight of mica equal to 305. This 
atomic weight of mica has been used by me in the calculations 
made in this paper, and the per-centages of felspar found by 
difference. 

The calculations just mentioned do not prove that the gra- 
nites to which they are applied are compost of quartz^ felspar 
and mica, as eombinationa <^ other minerals might equally well 
represent the analyses ; hut on the hypothesis that the granites 
are composed of these three minerals, they give their per-centages 
with a elose degree of approximation : and farther, if the equa- 
tions cannot he satisfied with positive values of Q, F, M, it may 
be considered as proved that the granite under eonaideratiDn 
cannot be simply a compound of quarts, felspar and marga- 
rodite* 

It is to be observed, that if a granite be composed of four or 
more minerals, it is not possible to find by the process just de- 
scribed, the per-centages of each minera], because in this case the 
number of unknown quantities is greater than that of the equa- 
tions from which thev are to be cslcolated. 

The following Table contains the analyses of eight granites 
taken from north to south along the principal gi'anite chain, and 
the notes appended ^ntain a few interesting particulars respect- 
ing each gmniter 
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Localities. 


silica. 


Alimiina. 


Peaoxide 


Lime. 


3 

1 


1 


Soda. 


I'd 

i:l 


Total*. 




70-38 


12-64 


316 


2-84 


0-53 


5-90 


313 


M6 


9974 




73 00 


1364 


3-44 


1-84 


Oil 


421 


3-53 


1-20 


9997 


3. Three Rock ,.. 


70-28 


1644 


3*80 


204 


trace 


5-79 


2-82 


•••••• 


99-97 


4. BnDiskerry ... 


7424 


13-64 


1-40 


1-48 


trace 




^•72 


1*20 


98-63 


5. Ballvknockfiii... 


70-82 


M-OS 


:wi7 


205 


0-31 


4-64 


2-31 


1-39 


99-67 


6. KiUball;hugh... 


73-24, ld-4a 


im 


0-99 




4-59 


308 


120 


100-15 


7. BUtckstdn ... 


73*80 15*48 


1*73 


0^ 


trace 


4-80 


3*18 




99-34 


U B«]|ylc%h ...... 


73*98 13*64 


3*00 


172 




4*70 


3*97 


1-04 


98-86 



No, 1. Ddftey, — Specific gravit^r, 2*64i7. A fine- firamed gra- 
nite containing black and transparent mica. This granite 
cannot be a ternary componnd <^ <|uartej felspar and 
marearodite. This granite was oaed in the conBtrnction 
Liugstown Harbour. 

No. 2. Foxi'Qck.' — Specific gravity, S'GBH. A coarse granite, 

which strikes tirn under the Inmuncr ; it forms a durable 
niul atroog builJum' stone, uiul ha^ heen employed in the 
ring stones of Tntiiiy College be] Try, and in the GonatruC'^ 

tiou oi the Q'Gonneil monumeut at Qlaanevin. 

No* 8« Thrw Hoek^ — Specific gravity, 2*65#S, This granite^ 
is rather coarse-grained; it was taken from Woodside 
QuAnYi on tbe slope of the Three Koctc Mountain, and 
13(e No* 2, has Seen used in the eonstrnction of the 
O'Connell monument. 

No. 4. Enniskeny. — Specific crravity, 2-633. A rather coarse- 
grained granitej contauuog veius of black tourmaline. 

No, 5. B§Uyknoekenn'^S]pe&Sic gtavitjry 2*636« Thisgranite 
is the beat building stone in ihe neighbourhood Publiui 
and has been extensively used in the public buildings of 
this city ; it forms the principal part of the granite used 
in the belfry and museums of Trinity College. The 
quarries are iilnated beyond BlesBington^ in the county 
of Wickbw. 

No. 6. Killballyhugh* — Specific gravity, 2 016. This is a fine- 
grained granite, and works iVecly : it has ])ccn employed 
in the construction of the Chapel of Ease m the town of 
Carlo \v. 

No. 7. ^acMmn.-^^^^ gravity^ 2'629f. A laediittll* 
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grained granite from Kiltcaly, on the Wexford slope of 
Blackstairs. 

No, 8. Ballyleigh, — Specific gravity, 2*627. A fiae-giame4 
granite taken from near Poqlinovinty Bridge, at tlie souths 
west extremity of the granite ohaiiit 

Calculating the atomic quotients from Table I., we constmct 
the following Table, coiitaniiiig the values of a, 6, c, aud of CJ, 
Fi calculated from ^(^uatiojis (1), 



Table 11, — Atoms of Granitic Minerals. 





Atoms of 


Atoms of 


Atoms of 


Atoms of 
quartz. 


Afonw of 

fnspw. 


Atoms of 
mica. 




= u. 


peroxidei 


protoiideii 

=c. 




1-530 




0-353 










1-587 


0-296 


0274 


0-513 


0-252 


0022 




1-528 


0-352 


0-287 


0-445 


0-222 




Enniskerry 


l'6ld 


0-282 


0-225 . 


0-770 


0168 


UU57 


1*540 


0*917 


0*S88 


0*44t 


0*940 


0-034 


KiUballyhugh 


1-599 


0321 


0-232 


0-753 


0 143 


0 089 




1-587 


0-322 


0-23;» 


0-714 


015G 


0-083 




1-593 1 0':i71 


0-257 


0-579 


0-243 


0014 



Calculating, by the method already described^ the per-oentages 
of quartz, felspar and micft; contained in the diflbrent granites, 
we find the following: — 

Table III.-— f er-centagea. 



LocaUty. 


Qmrti. 


FdqMr. 


Mica. 












23*60 


99-99 


6-71 




20-47 


59-68 


lf>-82 




35-42 


45-83 


17-38 


Ballyknocken.MM. 


20-33 


68-97 


10'37 


KiUballyhugh... , 


34-64 


38-37 


2714 




32'84 


4M9 


S5'31 






67-4$ 


4-27 



From the foregoing ealeulations^ it foUowB, that, with the ex- 
.ception of the Dalkey granite, the granites of the main chain 
eiamtned might be represented by oombinatiooa of qmtjt, fob- 
apar.and mica, in which the quarts is the most legulav mmeral, 
considered with reference to its per-centage. 

The following Table contains analyses of granites belonging tO 

.the secottd groupi and supposed to be newer tim tJio otber«» 
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TMble IV«^l8olated Gnmitet. 



Localities. 


Silica. 


Alumina. 


Perande 
of iron. 




• 

.a 
c 

1 


1 


Soda. 


^ D 

■= O 






70-32 


11-24 


4-80 


301 


0-73 


2-27 


3-39 


1-62 


97-38 


2. Crogban Kinshela.. 


80-24 


1324 


0-72 


0-89 


trace 


0-40 


5-58 




101-07 


3. Ballymoty 


66«0 


13-26 


7-32 


336 


1-22 


231 


3-60 


2-34 


10001 


4. BaUynamudcUi^... 


68-66 


14*44 


6-04 


9-85 


0-4dj 


a78 


3*36 


1-00 


99*46 



No. 1. C^Atoon.— Spedfie gravity, 2*671. A fine-grained 
granite, containing hornblende in addition to 
Besides the constituents given in the table, the specimen 
examined by me contained 1*34 per cent, of carbonate of 
lime. 

No. 2» Qyffkm J£ti»A«6i.'— Specific gravity, 2*629. This 
granite is composed of qnartz^ felspar and chlorite ; the 
specimen examined appeared to be composed exdusiyely 
of qnarta and felspar. From the great quantity of soda, 
I imer that the felspar of Croghan Kinshela is probably 
albite. On the northern slope of this mountain are sitn* 
ated the old gold streams of Widdow. 

No. 3* Ballymoty, — Specific gravity, 2*659. A very fine- 
grained granite, but containing distinctly felspar, quarts 
and black mica. 

No. 4. BaLlynamuddagh. — Specific gravity, 2*670. A coarse* 
grained granite, with iaige plates of black uuca. 

Applying to the preceding granites the method of calculation 
already employed, we find, excluding the granite from Croghan 
Kinshela, which contains chlorite in place of mica,— 



Table V. — ^Atoois of Granitic Minerals. 





Atomaof 
lOtt 

=0. 


Atoms of 
peroxide 
=*. 


Atoms (tf 
pnAmdde 


Atoms of 
quartz. 


Atoms of 
felspar. 


Atoms of 
mica. 


Ballynamuddai^.. 


1-529 
1*448 
1*490 


0-278 
0*849 
0-344 


0-300 
0*846 
0*888 


O-908 


0-348 
0-806 


0-003 
0-019 



From the foregoing Table, it appears that the granite of Cosh- 
bawn cannot be considered as a ternary compound of quarts, 
felspar and margarodite, and in fact it contains a senaible quan- 



u kjui^uu by Google 



the Granites of the South-east of Ireland* 29 

tity of a mineral which is either hornblende or chlorite* Calcu- 
lating the per-centages of quartz^ felspar^ and miea of the two 
granites^ which may be represented as composed of these mine- 
ralsj we findj^ 

Table VI.--*Per^tages. 





Qonti. 


. Fcbpwr. 


Met* 


Rnllynamiulflagh ... 


3-08 

9f>2 


9603 

8405 


0-91 

570 



Whatever doubt may attach to the preceding calculations, 
owing to the hypothesis on which they are of necessity founded, 
no 8uch doubt or uncertainty can belong to the results of direct 
experiment contained m Tables I. and IV., which have a positive 
value^ independent altogether of the inferences which may be 
deduced from them. From these tables I deduce the following 
as the average composition of the granites of the main chain and 
of the isolated granites : — 



Table YII.-— Average Composition of Granites. 







iMlatod. 




72-305 


71-430 




14-251 


13045 




2-299 


4-470 




1-815 


2-778 




0-119 


0-595 




4*829 


1*940 




2-967 


3-982 




0-891) 


1240 




99*477 


99*480 



On examining Tables I. andlV.^ several interesting differences 
present themselves in the composition of the two groups of gra* 
nites^ in addition to the important difference to whidi I have 
drawn attention with respect to their all^aVme constituents; 
but I content myself at present with establishing this funda<- 
mental distinction between the two groups^ and thus furnishing 
an additional proof of the service which may be rendered to 
geological science by the more exact and experimental sciences. 
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V. On Liquid Diffusion. 
By Br. Adolph Tick, Demonstrator of Anatomy , ZUrich*. 

A FEW years ago Graham published an extensive investigt* 
tiott on the difiiisiou of salts in wateTi in which he more 
especially compared the diffnubility of different salts. It appears 
to me a matter of regret, however, that in such an exceedingly 
valnable and extensive investigation, the development of a fun- 
damental law^ for the operation of diffusion in a single jelement 
of space, wasn^lectedi and I have therefore endeavoured to sup- 
ply this omission. 

{t was quite natural to suppose, that this law for the diffusion 
of a salt in its solvent must be identical with that, according to 
which the diffusion of heat in a conducting body takes place ; 
upon this law Fourier founded his celebrated theory of heat, 
and it is the same which Ohm applied with such extraordinary 
success, to the diffusion of electricity in a conductor. Accord* 
ing to this law, the transfer of salt and water occurring in a unit 
of time, between two elements of space tilled with differently 
concentrated solutions of the same salt, must be, mteris prrribm, 
directly proportional to the difference of concentration, and in- 
versely proportional to the distance of the elements from one 
another. 

In mathematical laiii^niage this may be thus expressed : — In a 
volume of salt solution, ict the concentration in each horizontal 
elementaiy stratum be constant and =y, a function of the heitrht 
W of this stratum ubovc anv oUum' stratoTU wliicli may be assiiiiu d 
as the primary horizontal plane; the limitation being made, that 
the function y must dmimishaso? increases, that is, each higher 
stratum must bo less concentrated, and therefore lighter, than 
all the subjacent ones, because it is only under this condition, 
that the diffusion will not be interfered with by gravity ; then 
from the stratum between the horiaontal planes at !v and 
SK-k-dx (in which the concentration is y) there will pass, during 
an element of time df, into the immediate superjacent stra- 
tum^ bounded by the horizontal planes x-i-dx and x-{-2dx (in 

which the concentration y^^^d$B prevails)i • quantity ti aalt 

ss *- Q • A: . ^ i^i^ in which Q signifies the surface of the stratum^ 

and k a iMMistint dq|mdent upon the nature of the aabatanees. 
It ia evident that a volume of water eqnal to that of the aalt 
paaaaa simultaneouily out of the upper stratum into the lower » 
flsictly aeeording to the modd of Fouriei^s maih<»nattcal 

* From Poggendorff's AniMUms vol. xdv. p* 69; abstracted tod com- 
municated by the Author. 
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development for a current of heat, we can obtain from this ftin- 
dameutal law for the diiiusiou-current^ the differential equation 

when the Beetion Q of the vetid m which the eunent tak^ 
]>lace is a fduction of its height above the hottom. If the ae^ 
tipn be consta&t (t\ «• the vesset (r^lindrioel or prisiiiatic)i the 
diffeieatial equation beoomee simplified to 

Several methods for the experimental confirmation of this dlf* 
ferential equation^ and consequently of the fundamental law 
above advanced, presented themselves. In the first place, by 

integration of equation (2) the expression y=f[Xj t) could be 
obtained, and the calculated value of 7/ compared with its observed 
value. I have, however, entirely omitted this metliod, boeause 
even in tliosQ cases in which the integral has a limte form, 
the numerical calcniation of a sufficient number of values would 
have been extremely troublesome, whilst otlu r unequivocal pi-oofs 
were possible. For the same reason I also here nnut to develope 
the particular integrals of equation (2) for special cases of diffu- 
sion-currents. 

The experimental proofs just alluded to, consist in the investi- 
gation of cases in winch the diffusion -current has become sta- 
tionary, in which a so-called dynamic equilibrium has been pro- 
duced, i. e. when the diffusion -current no longer alters the con- 
centration in the spaces thin ugh which it passes, or in other 
words, in each moment expels from each space-unit as much 
salt as enters that unit in the same time. In this case the ana- 
lytical condition ie thefelcue ^^0< Snch cases can be always 

produced, if by any means the concentration in two strata be 
maintained constant. This is most easily attained by cementing 
the lower end of the vessel filled with solution, and in which the 
difi'usion- current takes place, into a reservoir of salt, so that the 
action at the lower end is always maintained in a state of perfect 
saturation by immediate contact with solid salt; the whole being 
then sunk in a relatively mtinitely large reseiToir of pure water, 
the section at the upper end, which passes into pure water, 
always maintains a concentration =^0* Now^ for a cylindrical 

▼esse], the condition ^ ^0 becomes by virtne of equation (2), 

0=g. (3) 
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The integral of this equation y^ax+b oontaim the following 
proposition : — " If, in a cylindrical vessel^ dynamic eqniUbriQm 
shall be produced, the differences of concentration or any tvo 
pairs of strata must be proportional to thc^distancea of ibe strata 
in the two pairs/' or in other words, the decrease of concentra- 
tion must dimmish from helow upwards as the ordinates of a 
straight line. Experiment fully confirms this proposition. 

For the determination of the decrease of concentration in 
the cylindrical vessel oondacting the diffosion-carrent, I sunk 
into the stratum to be estimated a glass btilb suspended from 
the beam of a balance, and calculated the specific gravity from 
the weight which required to be placed in the other scale-pan to 
balance the glass bulb. This method creates little confidence 
at first sight, nevertheless preliminary experiments showed it to 
be sufficiently accurate. The quotation of the numerical results 
of one experiment may suffice here. 

Depth of Stratum b^ow the Sinrfkee, 
lOmillims. 32 2 54 4 76-6 98-8 121 0 143*2 165 4 187*6 209-8 220-9. 

Specific Gravity* of Stratum. 
1-009 1 032 1-053 1 073 1-008 1115 1*135 1 152 1 170 1 187 1196. 

That the degrees of concentration in the lower layers decrr n so 
a little more slowly than in the upper ones, is easily explained 
by the consideration, that the stationary condition had not been 
perfectly attained. 

A second case of dynamic equilibrium was also observed, by 
replacing the cylindrical vessel in the above-deacribed arrange* 
ment, by a funnel-shaped one with the apex downwards. As the 
section was now no longer constant, the condition for the dynamic 
equilibrium was deduced from the more general equation (1) in 
the form 

For a perfect cone with cirenlar base (the fiinnel-diaped vessel), 
we have Q^ttt* if the origin be placed in the apex of the 
cone, and we call « the tangent of half the angle of aperture. 
By the substitution of this value, equation (4) becomes 

dx^ X d£ 

the integral of which y 4- = — - . The two constants c and d 

are to be so determined, that for a certain w (wbere the cone is 
cut off and rests upon the salt reservoir), y is equal to perfect 

The excess of whidi over uuity is proportioual to the concentratiou. 
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saturation ; and for a certain other value of w which eorrespouds 
to the base of the funnel, y becomes =0* In an expenment 
made with thia apiNuratuSj die foUowing numerical values were 
obtained 

977 millimt. «5*5 781 88*8 105*4 139-1 1887 185*4. 

(^served esceu qf Specific Gravity above mity {proportional to tke 

OMmaiiili. <M)08 0019 0-030 0O40 0<»5 0O78 O-IOS. 

Calculated excess of S-jFcific Gravity above untty. 
0 006maiiin. 0K)15 0023 UOai 0043 0057 0078 0*107. 

The determination of the constants for different salts could 
now be proceeded with^ — a determination which measures their 
diffusibility, and is expressed bv A in equation (1). It may he 
defined as the quantity of salt which^ during a unit of time, 
passes through the sectional-unit, out of one stratum into the next 
adjacent one^ when the rapidity of the diminution of concentra- 
tion is equal to uaiiy. Let the sectional-imit be the sec- 
tion of our tubeSy t. e. the surface of a circle of 1 millim. radius. 
The diminution of concentration will then be equal to unity, 

if^ through a column of liquid assumed permanently constant, 
and the height of which is equal to the linear-unit 1 millim., it 
has for its result a difference of concentration of both terminal 
surfaces of such a eharactcr, that the one possesses a concentra- 
tion corresponding to absolute saturation, the other a concentra- 
tion =0. Let one day be a unit of time. 

Three tubes of different lengths were now arranged exactly as 
the cylinder and fuimel above described, and after the establish- 
ment of the stationary condition, the amount of salt was deter- 
mined which diffused out of the terminal section of the tube in 
measured spaces of time, and which therefore also, in the same 
time, passed through any single section of the cylindrical 
tube. In this case 3ie whole of the values required for the flc- 
termination of k were known, and the rapidity of the diminution 

of concentration was especially determinable, inasmuch as 

it produced permanently, throughout the entire length of the 
tube, the differ^ee between perfect saturation below and 0 above. 

It is easy to perceive, that if oiur law be correct, the amounts 
of salt, passed through the three tubes in the same time, must be 
inversely proportional to the length of the tubes; and that if 
these amounts be divided by the time and multiplied by the 

PAi^. if^^. 8. 4. VoL 10. No. 68. Jt(/$f 1855. . D 
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length (expressed in millimetres), the same value, viz. the above- 
defined A, must be obtained for all tliree tubes. I here annex a 
shurt table of the best experiments with commou fttdt^ to which I 
have hitherto coufiued my attention : — 



Temperature CenU- 


k, calculated from Uie 


Ar, calculated from the 


1 

Ar, calculated froKLthe 


quantity which piuted 


quantity which psMed 


quantity which passed 


grade duiiog the 


throvKh tlie Mgct' 


through the medium 


thioqgh the «Aor/Ml 
tnba. 


Not determined. 
l6°-8 — U^-S 


1171 


1336 


11 08 


9-67 


9-70 


9-30 


IS'-fi — 16'0 




9-57 




ir-O— 16^0 

ir-5 — 18°-5 




9M 




10*79 






18=0 — 19°-0 


10-71 


11-08 






1M4 


•••••• 


11 02 


19*-0 ^ 22^-0 


11-44 


11*3S 




SON) — 2l'»«0 


11*89 




IMS 



If we take into consideration the unavoidable lonrces of error^ 
a nearer identity of numbers could scarcely be expected. The 
table «how8| ai might be already expected from Graham's eipe* 
rimentSj that the value k increases with increase of temperature; 
probably^ however^ this dependence upon temperature is not a 
simple one. On the relations of A to other values expressinf^ the 
essential properties of bodies, as^ for instance, to atomic weighty 
nothing can be said until extensive series of experiments with 
different substances have been made. It is now of importance 
to make the views thua obtained furnish an insight into the dif- 
fusion of salt solutions through porous partitions. Briicke* first 
made an attempt to give a mechanical explanation to these phse- 
nomena. He went upon the assumption that the substance of 
the partition attracted the particles of water more stronerly than 
the particles of salt. This assiTmi^tion gain^ed important support 
from the experiments of Ludwigf Clootta j", whofonnd that 
the solution of salt, imbibed by an animal membrane, was richer 
in water, and poorer in salt, than the solution m which the 
membrane was immersed. Brucke's theory, which was only 
indeed obscurely intifnuted^ ran he more clearly determined by 
the help of our fundamental law as follows. 

Let us imagine a cylindrical pore of the radius p, in a mem- 
brane which is immersed in a saturated solution of a salt, and 
let us assume with Jirucke, a stronger attraction between water 
and the molecules of the membrane^ than between the latter and 
the salt molecules; then the density of the solution in each con- 



* PoggcndprflF*t Annalen, vol. Iviii. p. 77- t Ibiil.vol.lxxviii. p. 307. 
1 Enwrimeats on DiflWonthroiigh Membranes with two ^ Ziiricb, 
1861. 
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centric cylindrical film of radius r, of the porou pirdtioii will 
evidently be constant^ and ssf(p'—r). Respecting the nature of 
this function, it can only be said that its value for r=p, which 
is equal to 0, and that from this point it must increase (probabiv 
very rapidly) with the decrease of r ; bat if necessarily under all 
ctrcumstancea for r=0, it must be increased up to the density 
of the circumambient solution, is left undetermined, and appears 
to me, in fact, for very narrow pores very improbable. In a 
word, the density in the pore will increase from the wall towards 
the centre, and in the cylindrical film of the radius r there can 
certainly occur no higher concentration than fip — r) (but pos- 
sibly a lower one). The radius p of the pores must be imagined 
so small, that a filtration of liquid, by virtue of their cohesion, 
together with the attraction of the membrane itself, is prrvcntod, 
even under high pressure ; arul that alf^o equalization ot the dit- 
ferences of prcssinrc when liquid is ])rcsc'iit ou both mle.s of the 
porous meiJibrane, if possible at all, is onlv Ro in a relatively 
long space of time; further, that current>; of mixture, by virtue 
of the variationa of speciiic gravity within the pore, cannot 
occur. 

Let us now suppose that a membranf" of tins description sepa- 
rates a saturated solution of salt froin pure water, and further, 
that the former is above, and the hitter under this horizontal 
membrane. In any cylindrical pore of the said membrane, whose 
radius may be ai^aiu =zp, let us suppose a concentric elementary 
stratum, bounded by two cylindrical films intinitely near to each 
other, the radii of which are respectively r and r-j-dr. At the 
upper extremity, the highest possible concentration, /(/j—r), of 
the layer will immediately be produced. On the other hand, the 
lower extremity, by immediate contact with a relativt ly inhnite 
quantity of pure water, will be constantly maintained at a con- 
centration =0; and when a stationary condition is brought about, 
the degrees of concentration, within the assumed elementary stra- 
tum, must increase from Oto f(p—r), in proportion to the height 
above the lower boundary surtaee of the membrane. This arrange- 
ment would have the effect of jtroducing a ditfusion-cun cnt in the 
elementary stratum, which, according to our laws, would dehver 

aqnantity of salt 29r . J^'^^^ 'dr downwards, and an equal 

volume of water \i]nvard8, if we understand by k, as above, the 
diflFusion-constaiit ibr the combination of salt and water in 
question, and by h the thickness of the membrane, consequently 
the length of the pore. No regard has been paid, however, to 
the retardation which the flowing molecules suffer from the 
attraction of the substance of the membrane along the sides of 
the pores ; it is certain, however, that the tdlal quantity of salt, 

1)2 
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paiBed through the entire pore, conld not be greater than 

Bat the passage of the water to the other side requires a sepa- 
rate consideration. We have seen, namely, that at the upper 
extremity of the cylindrical stratum-unit, with the internal 
radius r, no higher conccutratior. could take place thm f{fy—r), 
which is certainly less than perfect saturation, and, in fact, 
becomes proportionally smaller the greater r is ajisumed to be. 
If, as we suppose, a relatively inexhaustible volume of saturated 
solution (obtained by the addition of crystals) be present on the 
upper Side of the meiiil)rane, then, at the upper extremity of our 
elementary stratuDi, there must take place a sudden increase in the 
concentration, from /(p—r) to perfect satin at ion. Ifwe assumethat 
this is the case for the first moment, there will now be, according to 
the general principles of diffusion, from the elementarv stratum a 
relatively (in comparison with the aniuiint which a coiitiimal trans- 
ition of density requires) infinite quantity of water required, and 
an equally ijihiuie auiouut of salt forced in. The latter will be 
inevitably hindered by the nature of the membrane, and the 
excess of salt forced against the pore must in some way glide off 
laterally ; on the other hand, more water, than the arrangement 
of the densities in our elementary stratum requires, can easily, to 
a certain extent, be drawn through towards the denser solution, 
80 that in the pore, the particles of water move upwards with a 
greater velocity than tlie jjai ticles of salt move downwards. The 
excess of water now spreads out on all sides, mto the saturated 
eolation (as the mouths of the pores must lie at a certain distance 
from each other), partly by diffusion, partly by mixing streams 
proceeding from difference of specific gravity ; until a stationary 
condition has been in such a way produced, that a conical space 
increasing upwards is supported upon the upper annular section 
of the elementary stratum^ in wnich space; the concentration. 
fip^r) increases to perfeet saturation, and which determines 
a diffosion^current of such a strength, that thei'eby exactly 
as much water is passed upwards^ as in the same time can dif- 
fose itself into the reservoir of saturated solution from the 
upper end of the space, without changing the concentration. 
Then the above-mentioned space would evidently be immedi- 
ately lengthened upwards, (and thereby the intensity of the dif- 
fiision-current be diminished) so soon as more water passed 
through^ and therefore the concentration at the upper end of the 
apace continues to vary ; and if, on the contrary, less water 
passed upwards, sudden transition of concentration must imme- 
diately occur in certain places^ which sudden changes determine. 
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as it were^ a diffusion-current of infinite strength^ and therefore 
again immediately draw the requisite quantity of water. Now 
this quantity of watcr^ whichj cateris paribus, during the unit of 
timc; can difPoae itself into the saturated solution without sensibly 
altering the concentration at that pointy dq|>eads upon the easy 
mobility of the pairtides of the solution. The space in which 
the compensation takes place must therefore also be^ emterU 
paribus, so much shorter, and consequently the stream of water 
towards the saturated solution stronger, tne more easily mobile 
the particles of the solution are. I was unable to verify this 
theoretical conclusion by direct experiment. I eipected that the 
excess of water passing through the membrane^ above the quan- 
tity of salt passing in the contmry direction, must be found 
much smaller, when the mobility of the upper solution was im« 
peded by the addition of chalk magma. No such diminution 
of this excess, however, could be remarked in the experiment. 

A second conclusion from the hypothesis just developed can 
be thus expressed : the excess of the diffusing water, above the 
salt passing in the opposite direction, is smaller, the wider the 
pores of the separating partition. Or if, according to Folly's* 
method, we define, as the cndosmotic equivalent, the quotient 
obtained by dividing the amount of water diffused by the quan- 
tity of salt eontemporanrously passed, the endosmotie equivalent 
is smaller the larger the pores of the partition. This conelusion 
is confirmed by expcriinciit. Two membranes, which differ only in 
the dianicti r oi' tlieir pores, cannot, it is triic^ be obtained ; nev er- 
theless we are safely warranted in assumuiiLr, that a transparent 
film of collodion possesses pores so very much narrower, than an 
animal membrane formed of interlacinp^ fibres, that all other 
differences between the two tissues intiuencing diffusion, disap- 
pear in this difference of the size of pores ; in fact, an animal 
membrane was found to possess a very much smaller endosmotie 
equivalent than a collodion film ; for whilst, by the use of pig's 
bladder, only from 4 to 6 times as much water as common salt 
passed through, there diffused through a collodion film, during 
the time that an imponderable trace of chloride oi sodium passed, 
a considerable quantity of water^ probably many thousand times 
greater than that of salt. 

Let us now suppose, that, instead of pure water, a solution of 
a certain concentration c of the same salt which is present on the 
upper side of the membrane in concentrated solution, be placed 
on the under side of that membrane, then the folio wins: consi- 
derations present themselves. All the elementary strata, Irom the 
wall of the pore, to an miaginary cylindrical film of the radius r, 
that J{p—r) = c, can only be tilled from the top to ihe bottom 
* Poggendorff 's Anfiaka, voL lxxviii.p. 361. 
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with solution of the there kigkui possible concentratioiij and 
cannot therefore give origin to a usual double diffusion^cumnt 
Water will^ however, pass over from the lighter to the denser 
solution, because a force of suction cornea into pky on each side 
of the membrane, proportional to the difference of concentration, 
consequently a stronc^r force at the upper side corresponding to 
the saturated solution. On the other hand; all those strata lying 
nearer to the axis, bnhnvc exactly in the above manner, with the 
filnprle ditf'erciice, that iu them the concentration, instead of in- 
creasing from 0, now Uicreascs from below upwards from c to 
the respective maxima, and consequently an ahsolutely weaker 
difi'usion -current is produced. It therefore follows in this case, 
that in places where, in the first instance, salt pas-^e d to the one 
side and watci- to the other, only a single difiusion uf water takes 
place, consequently the proportion })etween water and salt (the 
endosmotic equivalent) must be greater here than there. If, for 
instance, c>- {p — r) (which is possible in the case of very fine 
pores), nx) salt wkaiever could pass through j the endosmotic 
equivalent would be = oo, or the current one-sided. 

This conclusion is also confirmed l)y experiment. Even the 
above-cited experiments of Ludwig uad Cloctta intimate this to 
be the case. 1 ha\ e iiiyselt' ol)fained still more decided resalts. 
A membrane ^\ l^ich c:avcan equivalent between 5 and (5, when it 
separated a saturated solution from pure w;iter, yielded an equi- 
valent 5=11*05, in another case even =17 05, when the pure 
water was replaced by a solution of common salt of 22 per cent, 
Leatly, if we analyse the case in which, instead of a saturated 
eoliition, a dilate one he placed above, and again pure water 
below. Let us again express the concentration of the upper 
solution hy c. Evidently in an axial ^linder whose radius r is 
so great, as exactly to make f[p--r)s:te, the concentration firom 
the lower to the upper end, \nil now regularly increase £rom 0 
to e, and a usual difibsion-current take plaeei which will pass a 
volume of salt downwards, exactly equal to the volume of water 
propelled upwards. Only in those layers situated nearer to the 
wall> <^ the concentration at the upper end never rise to c, and 
there will therefore pass through these layers alone, aeoosding to 
the previous considerations, more water than salt. The radius 
of the above-mentioned axial cylinder, ia evidentlyas much greater 
as c is smalior, therefore the endosmotic equivalent must also 
decrease very rapidly with c ; and we might expect that, for 
moderately small values of the endosmotic equivalent would be 
' found smaller than unity (because a volume of salt weighs more 
than an equal volume of water). Jiudwig's experimenta with 
common salt are perfectly in accordance with this conclusion ; in 
some cases in his expenmentsj the equivaleiit sunk irom 4 to I 
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when the concentration uf tlie u])pcr solu tio]! \\ as decreased from 
satiiration to 2 per cent. My own cxjjcriments in the same 
direction with common salt p:avc a purely negative result, as the 
equivalent was not perceptibly decreased. 

The comparison of the experiments adduced above with the 
hypothesis developed on the foundation of the ditlusion law, 
ihowsj though not absolutely, that the truth of this hypothesis 
may be determined ; and it is in fact highly probable that^ with 
or without modifusition, •ueh an hypothesis may serve as the 
fimndatitm of a tabseqaent theory of these very dark phse* 
ttomena. 



VI. AnaHysis of Lmnite from ComwalL 
By Br. Hebdli*. 

THIS mineral was sent me for analysis by Mr. Greg, under 
the hope that it might prove to be a new phosphate of 
copper. It is doubtful from which of the Cornish mines it was 
procured, and the specimen in Mr. Greg^s collection is^aafar as 
is known, the only one which was found. 

The specimen consists of aggrcp;atcd congeries of minute 
spheres, the structure of which is radiated. The specific gravity 
is 4'25 ; little dependence can, however, be placed upon this 
determination, as it ^vas found impossible to free the specimen 
from air, and minute crystals of quarts were imbedded in the 
mass. 

The powdered mineral absorbs '28 per cent, of moisture. 
Analysis of 34 grs. 

Oxide of copper . . 68*13 

Phosphoric acid . . 22-73 

Water 8*51 

SiHca -48 

99-86 

The silica was mechanically mixed. 

This substance occurs in few localities. By this analysis a 
new one is ^vcn, and the mineral is now for the fU^t time 
noticed as a JBritisli species. 

* CSommiuicsted by the Author. 
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. YII. On the Sjponkmeim DeeofnpmHon of eertam Su^hth 
methyuUes. By Abthve H. Chukch, J^^^.* 

IN the latter part of June 1853, 1 prepared a quantity of sul- 
phomcthylic acid, and neutralizing the mixture of sulphuric 
and siiljiliomethylic acids with finely-powdered native carbonate 
of baryta of unusually excellent appearance^ expected to obtain 
sulphomethylate of baryta not far from pure ; but the carbonate 
of baryta was contaminated with a considerable amount of car- 
bonate of lime, consequently the product was a mixture of sul- 
phomethylate of baryta with the corresponding lime-salt : that 
this was the case I aid not discover, however, until the present 
year. The mixed salts, crystallized, and dried between bibulous 
paper, were set aside iind forgotten until April last. The weight of 
the salts was not less than 380 grms. The general formula of the 
sulphomethylates, dried as just mentioned, is C^H^ M 280"^ 4- 2aq. 
The loosely-stoppered bottle containing the salts had been ex- 
posed in diffused daylight for a period of twenty-two months before 
it was disturbed. At the end oi" this time complete decomposition 
had taken place, the bottle no longer contained a trace of the 
original salts. At first three-fourths, the bottle was now little 
more than half full ; the upper portion of its contents was a 
yellowish liquid of disagreeable odour and acid reaction ; the 
lower was a white, apparently amorphous solid^but on this last- 
mentioned substance there rested a crystalline crust, and from 
this nummus distinct crjrstals sprang^ their bases remote from 
the light, and their summits inchned towards it. 

And first of these crystals, which were perfecdy transparent 
and coburless. Their hardness exceeded 1^*5, but was less 
than 2^ The specific gravity of different specimens varied be> 
tween 2*21 and 2*325. One of the largest crystals was 61 mil- 
lims. in length and 2*5 millims* in breadth. The crystals belong 
to the oblique prismatic systen^ and exhibit many interesting 
modifications ; their behaviour in polarized light was the same 
as tibat of adenite. In some aspects their lustre is pearly, in 
* others vitreous. A qualitative examination indicated the presence 
of calcium, sulphuric add, and water; while tiie quantitative 
estimation of these constituents in the crystals dried over sul- 
phuric add gave me the following numbers 

•5015 grm. furnished -2902 grm. of Ca CO^. 
•8031 grm. furnished '41 grm. of BaSO^ 
*2448 gnn. lost on ignition *0514 grm. of HO. 

These results correspond with the following per-centage com- 
position ; — 

* GonmiiiiiiGBted by the AttHior. 
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On Uie Decomposition of certain Sidphometh^lates, 



Experitiicnt. Ca S0< + 2aq, 

Ca 23-150 23-256 

SO^ .... 55-724 55'814 

HO .... 21-OpO 20 930 

99-874 ioMOO 

The crystals were not altered by an exposure of two hours to 
a temperature of 100 C. ; heated a few degrees above this point 
they lose water, becoming: milk-white. 

The white amorphuus powder filHng the lower part of the 
bottle was sulphate of baryta, but ocrurriug here and there in it 
were botryoidal masses of granular sulj>hate of lime. An ana- 
lysis of this sulphate ga\ e immbcrs approaching somewhat closely 
to the formula 2CaS0^ + aq; a sulphate of lime having this 
formula has been observed occurring as a grayish crystalline 
deposit from a boiler working under a pressure of two atmo- 
spheres*. 

The crystalline crust from which rose the prismatic crystals 
already described, was also sulphate of lime, of the formula 
CaSO> + 2aq. 

The yellow iluid previously mentioned was thoroughly ex- 
ammcd. Its reaction was strongly acid : on the addition of pure 
precipitated carbonate of baryta, an escape of carbonic acid took 
place and a heavy powder was precipitated, this was separated 
by filtration and proved to be sulphate of baryta. The filtrate, 
now perfectly neutral, was introduced into a rctmt and distilled; 
water having a slightly aromatic odour collecte d in the receiver; 
the residue m the retort sulidilied on cooling to a mass of colour- 
less crystals, rroin this substance, recr^'stallizcd by means of 
alcohol, dissolved in the smallest possible quantity of water, and 
separated again by spontaneous evaporation of the water, the 
following analytical result was obtained, the crystals having been 
dried between folds of bibulous paper : — -415 grm. of salt gave 
*ft4t4& grm. of sulphate of ba^a, corresponding to 58*91 per 
cent of Ba SCH; theory, aa U'Ba 2S0^+ 2aq, requires 59 02. 
A second analysis, for which a portion of the salt dried at 100^ C. 
was employed, gave me-the following numbers : — *5605 grm. of 
salt furnished '3687 grm. of sulphate of baryta, corresponding to 
64-88 per cent, of BaSO«; theory,asCf H^BaSSO^, requires 64*9. 

The saturated solution of this salt is not altered by prolonged 
ebullition, and the crystals maybe heated above ICXr C. without 
becoming acid or otherwise decomposing. 

The final products of the spontaneous decomposition occurring 

* Johnstoaf Fbil. Mag. vol. »ii. p. 325. 
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in the mixture of the sulphomethylates of lime and baryta*, are 
thus well-crystallized sulphate of lime, sulphate of baryta, water, 
traces of au oily odorous body, with free sulphuric and sulpho- 
mcthylic acids, the baryta salt of this last acid differing in many 
respects from the ordinary sulphoiiicthylate of baryta although 
isomeric with it; I tenn it provisionally /S-sulphomethylate of 
baryta. 

This baryta salt evidently corresponds m the mcthylc series 
with the stable sulpbsethylatc (parathionate) of Gerhardtf, ob- 
tamed from ordinary sulphsethylate of baryta by repeated ebul- 
fition and neutralization with carbonate of baryta of its concen- 
trated aqueods flolati<Mif and wliidi more recently has been 
identified by Berthelot sulpbsethylate of baryta obtained 
by aatnratmg with carbonate of baryta the mixture of 4 tola, 
sulphuric acid and 1 vol. alcohol, wmch has been employed in 
making olefiant gas> or the solution of that gas in oil of vitriol* 
^ My opinion is also confirmed by the following experiments :-^jf 
to a strong solution of ordinary sulphsethylate or sulphomethylate 
of baryta a solution of protonitrate of mercury be added, a gray 
or slaty precipitate occurs — with the parathionate of Gerhardtf 
with the corresponding methyle compound which may be ob- 
tained by the same method §, and with the ^-sulphomethylate 
of baryta the precipitate is white. The two last-mentioned salts 
are in fact in every respect identical. 

If the analytical results did not f n-bid such a view, it might 
have been imagined that the modified or stable baryta salt was 
really not the sulphomethylate, but the hyposulphomethylate of 
baryta, for an aqueous solution of this latter salt, or indeed of 
any of its analogues andhomologues, is quite unalterable. Sul- 
phomethylic acid bears the same relation to hyposulphomethylic 
acid as sulphophenie acid does to sulphobenzohc acid, and it 
may not be uninteresting to present in a tabular form some 
relations between these two series. In the first colamn will be 
found the formulae of a series of baiyta salts, the aqueous solu- 
tions of which are not alterable by ebullition— a series where the 
proportion of sulphur to oxygen in the dry salts is as 2 to 6 ; 

* For an account of the spontaneous decompositiuu ui certam suipho- 
vinaletp we Xtrdiand in the Journal fSr PrahHseha CkmiB, xUv. 122. 

t Compt. Rend, des travaux de Chimie, 1845, p. 17^* 

X Annales de Chimie et de Physique, 1855, p. 

§ 111 1853, at the suggestion and luider the dirt ( t ion of Dr. Plofmann, I 
prepared this salt and subni itted it to a complete anal} sis. It i» identical in 
compoaitloii with ordinary sulphomethylate of bsr^ C H* Ba 280^4-2iq. 
Althongli it is only leoently that the metamorphoses of the sulphsethylates 

lirivp been accurately studied, it ^vmild n])pear to bnve long been known 
tliiit aqiTcoii?' solutions of the suij|)l)omL thyiates imdci go hy ebullition similar 
changes, and yield products exactly analogous to those of ihc a^tliylc salts. 
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in the eeeoad ooloum another miee it tiven <»f taltt deeomo 
posable by ebullition of their aqueous solutions^ with aeparatioii 
of Bulphateof bar) ta, and formation (in most cases) of new acids^ 
and in which the proportion of sulphur to oxygien is as 2 to 8 : 
the observations were made in all cases with baryta salts; where 
an astcciak is prefixed, the experiment was either made for the 
first time or repeated by myself. 



II. 

*C«H«Ba2S0*. 
(Snlphomethylate of baiyts.) 

t*C*H«Ba2S0*. 

(Sulphvthylate of bsiyta*) 

§C«H7Ba2S0^ 

(Sulpbopropylate of baryta.) 

(Sttlphaciylate of l)aryta.) 

*C^«IPBa2S01 
(Sulphojiheiiate of baryta.) 

*C»*H^ Ba2S0 \ 
(Sulphotolueuylate of baryta.) 



I. 

*C«H«Ba2SCy«. 
(Hypotnlphoniethylate of baryta.) 

*C«H»Ba2808. 
(Sulphobeuzolate of baiyta.) 

(Sulpbotoluolate of baryta.) 

*C>^'H»Ba2S0-\ 

(Sulphojcylolate of bar) ta.) 

tC^^IP' Bri2809. 
(Sulphocumolate of baryta.) 

-|.*C^H'SBa2S03. 

(Sulphocymolatc of baryta.) 

*C«> B7 Ba 2S08. 
(Sulphonaphthalato of baiyta.) 

The experiment inijrlit no*iloubt have been tried willi aiauy 
other salts of similar constitution with analogous results. 

In column II., by the cbulhtion of solutions of the salts 1 and, 
2, modified stable salts iiiu} be obtained ; a similar action pro- 
bably takes place with salts 3 and 4, for the solution of ordinary 
aolpLamylate of baryta gives a blue -gray precipitate with proto- 
nitrate of mercury, while the salt <£tained by boiling, the 
solution of sulphamylate of baryta gives a white precipitate. 
The metamorphosis of sulphamylate of baiyta tal^es place readily 
on heating in an oiUbath the solution of this salt endoaed in a 
sealed tube; with sulphophenate of baryta under similar con* 
ditions^ regeneration of phenyUe alcohol takes place : 

C»« Ba 2S O'* + 2 110 = H6 OH Ba bO^ + HSOl 

The relations of cTthyle^ itic. to phenyle are very remarkable. 
The consideration of these aoalogieB is likelv to lead to many 
interesting results; for instance, phenate of ammonia, when 
heated in a closed tube, is well known to be resolved into aniline 
and water, and I have found that an exactly analogous reaction 
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takes place with sethylate of ammottia ; the following eqnationi 
repreaent these changes : — 

C« H» NH* 0«=C» N + 2H0 

C< H* NH* 0«» IF N + 2H0. 

^thylatc of ammonia may be prepared by the action of sul- 
phate of ammonia upon potassium -alcohol. Also wc might hppe 
to obtain sulphobenzolic acid, C'^H®2S0^, by the action of 
nitric acul on sulpliocyanide of plicnylc, just as hyposulpluetliylic 
acid is obtained iiuni tlu' cf)rrcs})()nding sethylc term. A more 
extended study too ot sulpliupheiuc acid aud its derivatives would 
be of great interest. Tlie action of sulphscthylate of silver n|)oii 
iodide of mcthyle, aiidul sulphomethylate of silver upon iodide 
of aethyle, gives rise to products now uiidtr invcistigation, 
products which no doubt have their representatives in the 
phenyle series. A digestion of sulphaithylate of silver with iodide 
of sethyle appears to yield an oily suDstance^ probably sulph- 
sethylate of sethyle (sulphate of sethyle), to the presence of which 
in sulphsethylates undergoing decomposition, their peculiar odour 
is peuaps to be attributed, and from wbieh by further change 
parathionic acid may be derived. 

Juue 1855. 

YIII. Proceedings of Learned iSocieiies, 

BOYAL 800IBTT. 
[Gontmiied from vol. iz. p. 544.] 

March 22, 1855. — The Lord Wrottesley, President, in the Chair. 

''PHE following communications were rend : — 

'* On the Anatomy of Nautiius umbilicatuSf compared with that 
of Nautilus Pompilius.** By John Denis Macdonald, Esq., R.N. 

During a visit of H.M.S.V. 'Torch* to the Isle of Pines in July 
1854, u recent specimen o( Nautilus umbilicaius was picked up on 
tiie outer xeef off Observatory Island* It was alive wh^ brought on 
boaid, but was too much exhausted to exhibit active movements. 
Part of the hood i^peared to have been eaten away behind by some 
predaceous enemy, but in other respeets the animsJ was perfect. 

The body when retracted lay more deeply in the shell than that 
of N. Pompilius, so tliat no part was visible in a laternl view, and on 
account of the great depth of the chamber of occupation the orifice 
of the si])huncle in the last septum could not be seen when the soft 
parts were removed. As. tu this difference, however, tJie author ob- 
serves that it may depend on the time elapsed since the formation <^ 
the last partition. 

Apart from the shells, the author finds a dose resemblance be- 
tween the corresponding parts of the two species. 

The specimen of umbilicaius examined proved to be a female ; 
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a fact which may serve to modify the views of those who, adopting 
the speculations of D'Orbigny on the sexes of the Ammonites as in- 
dicated by the characters of their sliells« apply them also to the 
several kinds of Nautili known. 

Tlie body of N, wMOeolbtM b laiger and more elongated than 
that of N, Pomj^Shu as it occurs in the South Seas» although the 
spedmens of the latter species brought from the Chinese Seas much 
exceed both in size. In the N, umHUcatus, the longitudinal lamelln 
on tbe median lobe of the external labial processes are divided by a 
wide groove into two lateral sets, and the corresponding lamellae be- 
tween the internal labial ]>rocesses are about seventeen in number 
and of considerable thickness. In N. Pompilius, the latter lamellte are 
much thinner and more numerous, and the lateral sets of the former 
are united toj^ether in the median hne, commencing anteriorly with 
an azygob traubverde lamina. In both kinds, however, the corre- 
sponding tentaeula may be distinctly traced out. with only such 
minor differences as might be expected to occur in different speci- 
mens of either separatdy; the digital, labial and ocular groups 
agreeing sufficiently both as to number and character in the two 
cases, considering tlie liability of these parts to slight modifications, 
from arrest of development or redundance, in the same species. 

Referring to former observations of his own on the eye of N. Pom" 
pilius, the author ol^scrvcs that they closely apply to N. vmbilicatuSf 
which affords conhrmation of his opinion that the j)igmentary coat- 
ing is subjacent to tlie retina. He finds no vestige of a lens, and in 
place of ^it^eou:!;i humour, a mere viscous matter protecting the 
retina from tiie seapwater* 

The organ of hearing« which had escaped detection in the speei* 
men of N, EompUiMB dissected by Professor Owen, altmd as it 
doubtiess had been by long immersion in spirit, was discovered in 
the example of N. umbilicatus examined by Uie author. It consists 
of two spheroidal acoustic capsules placed, one on each side, at the 
union of the supra- and8uboe«ophageBl c^an^-lia, and measuring nbont 
one-twelfth of an inch in diameter. Each cai)^ule rests internal [y 
against the nervous uxwm, and is received on its outer side int u a 
httle depression in the cephalic cartilage. It is enveloped in a kind 
of fibrous tissue and filled with a cretaceous pulp consisting of mi- 
nute, elliptical, otoconial particles, presenting under a high power a 
bright point near each end, varying much in size, and sometimes 
combined into stellate, cruciform or other figures. Cilia were not 
observed within the capsules. 

The inside of the mouth is famished with tliree groups of papillae, 
one of which occupies the medinn line between the orifice of the 
tongue-aac and commencement of the oesophagus. These lingual 
papillae, as well as the rest, are clothed with long and slender 
columnar epithelium-particles. 

The auLiiOi agrees with Mayer in regarding the well-known folli- 
cular appendages of the afferent branchial vessels ot the Cephalo- 
poda, as performing the function of kidneys, but admits that they 
may also serve, by alteiing their capacity, to regulate the amount of 
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blood passing through the branchife under chfinp:e9 of prep«iire to 
which the aaimal may be subjected at diffcrciit (;le])ths. These fol- 
licles are suhcylindrical in form, and somewhat dilated at the free 
extremity, tu whiea is apjjended a folded and funnel-shaped process 
of membrane which expands rather buddeiily and presents a jagged 
border. They open by an oval or slitJike oriiloa into the afferent 
branchial yemli* on each of which, as Ptofeiaor Owen has obsenredf 
they are disposed in three elosters. The outer membrane is smooth 
and gloesy, homogeneous in structure, and sprinkled over with mi« 
nute, rounded, transparent bodies, resembling the nuclei of cells. 
Beneath this layer, flat bundles of fibres, apparently muscular, are 
traceable here and there, principally disposed in a longitudinal direc- 
tion, aiul s imetimes branched. The lining- m^rnhrnne consist? of a 
loose ejuLhtlial jiavement, similar in many respects to that of the 
uriniferous tubules of the higher animals, the cells containing, be- 
sides the nuclei, numerous minute oil-globules, or a substance much 
resembling conerete iatty matter, "niia membrane is liiiown up 
into very nnmerons papillss and corrugatioiis, so af greedy to in* 
erease the extent of surfiftce. The pa|nll«s are more numerooa to* 
wards the attached end, and a circlet of longitudinal folds, with 
transverse zigzag oormgations, radiate from the bottom of the fol« 
Hole, in which a number of small pits or fenestrations are sometimes 
visible. Tht! iunncl-shaped membranous process above noticed is 
contiauous with the linine: membrane. The cavity of each tolhcle, 
therefore, communicntcs with tiie exterior through the centre of this 
procest, and the aperture is thua guarded by a kind of circular valve 
permitting the escape of secreted matters, but efi'ectually preventing 
the entrance of fluid from without. 

Some considerations are next offered in support of the view 
adopted as to the functions of these vascular appendages. 

Lastly, on. the question whether the peculiarities of stmotnrera* 
cognised respectively in N. PompUkm and N, umbilicatuM are sufB- 
cient to establish a difference of specie?, or are nttribntnble merely to 
variety, the author observes, that any tendency in a being to revert 
to an original type, when such has been determined, betrays variety; 
but this tendency is never maniiested in the Nautili under consider- 
ation by the occasional occurrence of specimens presenting charac- 
ters which place them intermediately between N. PompiUus and 
Nt wnbUicahu* Having visited the Fljii Islands sinoe he formerly 
wrote on N, Pompilhut he finds that the umbilicated NmiiUi are not 
known to the natives, although N. Pm^iUutt is very plentiful ; but al 
Fatuna or WaUis*a Island, where hotib are found, the people recog- 
nise the difference between them depending on the presence or 
absence of umbihcal pita. On this the author remarl<s, that nlthoug-h 
particular localities, with all attendinir circumstances, may favour 
the production of varieties, yet the ])enniinence oi the distinctive 
characters of these Nmtili without symjtlom of amnlo-amntion, and 
the discovery of a female specimen of A. umbUieatu^, iire ttrong 
arguments in support of the view that they are distinct species, 
though very ekaely alUed. 
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*'0n a ClaM of Differential Equations, including those which 
ooonr in Dynamical Problems."— "Part. II. By W. F. Dookio, M.A.» 
F.R.S., F.R.A.S. ike. 

This ia the second and concluding part of a paper of which the 
first part was printed in the Philosophical Transactions for 1854. 
In the fourth section (the hrst of this part) some of the most import- 
ant results of the former part are recapltolated. 

In the fifth aeetkm the theory of the Varmtion of Ekmente Is oon- 
■idmd under that aspect whieh belongs to it in connoKion with thft 
geneml methods of this paper ; and the facility of its application is 
shown in two instances : ( 1 ) the expressions for the variations ol 
the elliptic elements of a disturbed planet's orbit are deduced from 
the results of Art. 30 (Part I.), on undisturbed elliptic moliuu ; 
(2) the problem of determining the motion of a free simple pendulum 
(omitting the eflfect of the earth's rotation) ib treated by consickrin^j;' 
the orbit of the projection of the bob upon a hunzontul plane iua a die- 
torbed ellipse. The differential equations which define the variations 
of the elements of the ellipse are given in a rigovoos form, and inte- 
grated i^proximatdy so as to give the motion of the apsides of tiie 
mean elHpse in any case where the pendulum never deviates much 
from the vertieal, and the motion is not very nearly circular. The 
result agrees with the conclusions of the Astronomer Royal (fro^ 
ceeding« of the Royal Astronomical Society, vol. xi. p. 160). 

In the fifth section the transiformation of the difi'erential equations 
by the substitution of new variables is considered, and particulmly 
that kind of transformation, called by the author h uartnal (rans' 
formation^ which leads to a new system of equations, not uitiely 
possessing the same genonsl form as tiie old, hat distinguished also 
hy other common properties. A definition is giyen of those trans- 
formations which nwy be properly called, from analogy, tranrfwm' 
Hons of coordinates, and it is shown that all transformations of coor- 
dinates are normal. General formulae are given for transforming the 
equations of any dynamical problem itom fixed or moving systems of 
axes of coordinates ; and an illustration is drawn from the case of the 
motion of a planet referred to axes in the varying plane of its own 
orbit. 

In the seventh and last section Uie principles of trlil]£^^olmaliu^ 
developed in the preceding section are applied in a more general 
manner to the differential equations of the planetary theory ; and it 
is shown that when the motions of u planetary system are referred 
to a system of rectangular axes having their origin in the sun, and 
otherwise moving in any arbitrary manner, the variations of the de- 
ments will still be determined by the same formula? as if the axes 
were fixed, provided there be added to the disturbing function R, for 
each planet, the expression 

V iMii e!*) . (ctf0 sin v sin i— cv^ cos y sin i -f* cos t)> 

in which i is the inclination of the orbit to the (moving) plane of ay, 
the longitude of the node reckoned from the axis of and cvq, a;, • 
the angular velocities of the moving system of axes ahout the three 
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axes themselves. In this expression w^,, Wj, to.y may be nny arbitrary 
functions either of the time or of the elements; but in any case these 
functions are to be exempted from differentiation with respect to the 
elements in taking the partial diflferential coefiicients of the disturb- 
ing function. 

This result is illustrated by referring the motion of a system con- . 
ostiiig of tvfo planets to axes so chosen that the plane of an shall 
always ooinclde with the principal plane oi the system, and the axis 
of #, from which all longitudes are reckoned, shall always coincide 
with the line of nodes ; there are thus obtained twelve rigorons 
simultaneous differential equations, of whieh nine form a system 
apart, containing only tbo mfijor axes, excentririties, epochs, longi- 
tudes of perihelia, and mutual inclination of the two orbits, and 
afford an example of the so-called "elimination of the nodes;" 
whilst the remaining;; three (wliich contain also these nine elements, 
but not their ditiereutial coetiicients) determine the motion of the 
principal plane and of the line of nodes, relatively to fixed space. 
Hie mutual inclination of the two orbits being supposed known« 
their several inclinations to the principal plane are given by simple 
leiationB; and the positions of the planets in their orbits (their 
longitudes reckoned from the line of nodes) being supposed known, 
their motrons relatively to fixed space would thu»4fe completely 
determined. 

Extract of a Letter, dated January 6, 1855, from J. Mitchell, 
Esq., Quartermaster of Artillery, Bangalore, " On the Influence of 
Local Altitude on the Burning of the Fuses of Rbolls." 

" In the early part of the year 1848, at the annual practice of the 
Artillery in this garrison, it was observed that the fuses burned too 
long a time. The regular burning of fuses being a matter of much 
importance, the circumstance was duly reported to ArtiUery Head 
Quarters, and a portion of each kind was directed to be sent to 
St. Thomas's Mount (eight miles from Madras and on the same 
level) for examination, where they were found to bum correctly, and 
as at tiiat time no one suspected the real cause of the discrepance, it 
was concluded there had been some error in the length of our pen- 
dulum, and there for the time the matter rested. 

*• But as I was satisfied, for many reasons, that it was not owing to 
an error in the pendulum, I determined to keep the subject in mind, 
and for the practice in the following year (1849) I caused to be 
made an adjustable pendulum which beat seconds very correctly for 
several minutes. This pendulum was daily compared with two or 
more seconds' watches to make all safe, and, as our longest time of 
flight did not exceed twenty seconds, no error could possibly arise 
from this source. The result was that the fuses again burnt too 
long at Bangalore, and were again found to bum coirectly at 
St. Thomas's Mount. 

•* This was a mystery to all ; but after the matter had cost me much 
thought, it occurred to me that the cause was to be sought in the 
difference of altitude between St. Thomas's Mount and Bangalore, 
nearly 3000 feet ; and as a means of putting this to the test, I sug- 
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gested that some fuses should be burnt at the Mount, or at Madras, 
under a receivei-, exhausted until the baiouieter stood at the Banga- 
lore mean height, or about 27 inches. This, however, it was not 
fottiid convenient to do ; bnt, as an eqaallj aatisiactory way of teat- 
ing the accoracy of my conelnsiona, a imall number of fuses were 
prepared and burnt aft St. Thomas's Mount, at Bahgalore, and at 
two difoent altitudes on the Neilgherry Hills, as wJH be seen by 
the anTjexed copy of an official memorandum; and although this ex- 
periment was too limited to enable us to compile a scale of tlie pro- 
bable times a certain length of fuse composition would burn at given 
altitudes, it amply prov^ the iact that combustion is retarded at 
considerable elevations ► 

*' Memorandum of an experiment to ascertain whether the atmo- 
sphere inflaences l|ie hnming of fuses : — 

" Eighteen 8-indi fiises, made of the same desciiption of wood 
(Congo), were filled with composition made for the puipose. The 
same man drove the whole on the morning of the 2nd August 1849, 
using the same mallet and drifts. Six of the fuses were burnt at the 
Mount, six at Bangalore, nnd fix on the Neilgherry Hills; all in the 
presence of artillery oiticers i the result is shown below " :-* 



Time. 


Station. 


Length 


Time 

, of 


Baro- 
meter. 


Thenno- 


Height above 
the wvel of the 


August 2, 1849. 
i past 12 
o'clock. 


St. Thomas's 
Mount. 


in. 
3 
3 
3 
3 
3 
3 


•ecs. 
1415 
14-30 
14-30 
14*80 
1415 
14-30 


IB. 

29-78 


i9 


Artillery 
Depot yard. 


August 17*1849. 
|pait5 r.if. 


.Biuigtloie. 


3 

I 

3 

3 

3 


16-00 
0-0* 
15-75 
15-15 

15-75 

lG-'25 


26-89 


82 


300011. 


August 31, 1849. 
past 7 A.II. 


Kotagherry, 
Ncilgtaenrisi. 


3 
3 
3 
3 


1700 
17-00 
00* 
17-30 


24-025 

1 


Att.62-7 
Det.61'8 


6500 ft. 


Sept. 8, 1849. 
20 minutes past 

8 A.]f . 


Cotacamund, 
Neilg^ernea. 


3 

a 


18-00 
18*25 


23030 


54-2 


7300 ft. 



The writer attributes the result to the rarity of the atmospheric 
air, and of its constituent oxygen at the higher stations. 



* The fuses thus marked accidentally ignited at both ends. 
PhU. Mag. S. 4. Vol 10. No. 63. July 1855. D 
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March 29, 1856.— Thomaa BeU, Esq., V.P., in the Chair. 

The foUowing commumcations were read t — 

'* On the existence of an element of Streng^ in beams subjected 
to Tranayerae Strain, arising ftom the Lateral Action of the fibres or 
particleB on each other, and named by the author the ' Resistance to 
Flexure.' " By Peter WiUiani Barlow. Esq., F.U.S. 

The author commences by observing, that under the existing 
theory of befims, which recognizes only two elements of resistance, 
namely tension and compression, the strength of a beam of cast 
iron cannot be reconciled with the results of experiments on the 
direct tensile strength, li the neutral axis is in the centre of the 
beuB. 

He then proceeds to describe ekperiments mede on two solid 
beams of cast iron to determine the position of the neutnd ftxis. 
The beams employed were 7 feet long. 6 inches deep and 2 inchea 
thick, on each of whiph small vertical ribs were cast^ 12 inches 
apart ; nine small holes were drilled opposite to each other in each 
rib, for the purpose of inserting the pins of a delicate measuring in- 
strument. The di 'tnnces of the holes of the centre division of both 
beams were measured under various stiains, and the results show 
that the extensions and compressions proceed in an arithmetical 
ratio from the centre to the upper and iuwer &idt:a of the beauli and 
that at any given distance on dther side of the centre, the amount 
of extension is equal to the amount of compresaon. 

The position of the neutral axis being thus oondusively ascertamed 
to be in the centre, it'is shown that, not only the ultimate strength, 
but also the amount of extension and compression with a given 
strain, indicates the existence of another element of resistance, in 
addition to the resistances to extension and compression. 

The author then point* out, that m applying the law of " ttt 
tensio sic vis " to contiguous hbres, under different degrees of exten- 
sion and compression, the effect of the lateral adhesion has been 
omitted, and each fibre has been supposed to be capable of taking 
Up the same degree of extension or compression as if it acted sepa- 
rately, and independently of the adjoining fibres. 

It is then shown that this supposed independent action of the 
fibres is inconsistent with other ])raotical results, and evidence is . 
exhibited of a powerful lateral action when unequal strains are 
exerted. 

From these and other considerations, the author is led to think 
that the efi'ect of the lateral action, tendinis to modify the effect of 
the unequal and opjio^ite ^^trains in a beam, constitutes, in effect, a 
*' resistance to flexure " acting in addition to the resistances of 
tension and compression. 

In order to ascertain whether the apparent difFerence in the 
amount of tensile strength when excited by direct and transverse 
. strains is due to fifiscttre, the author caused open beams or girders to 
be made, each of which was formed by two bars of metal ; the upper 
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ai)d lower bars of the same beam were in every case of the same 
form and dimensions ; but the depth of metal and the distance to 
uliich the bars were separated vertically, was varied in the several 
ibfins of gifder ttpcdmeitted upon. By tibflte meaiui the bur fbm» 
mg the lower aide of each girder wee torn aannder under different 
degrees of flexere. The different formt of girder experitnenttd 
upon were of equel length, and were compared with solid beams and 
with bars of the same metal broken by direct tensile strain. 

From the mean of four experiments on each form of girder, the 
value of the total resistance at the outer fibre is ascertained, and 
exhibits the follo^^iuLr results: — 

1. In girders having the same depth of metal, namely about 2 
inches, but the total depth of the girder, and consequently the 
deflections different— 



Form of beam or giider. 


Depth of 


Dcflectioa. 


Totul renistaticc 
a4 tb« outer 
Sim. 




2-e2 

2- 51 

3- 00 

4- 00 


•670 

•510 
•401 
•301 


11m. 
41709 

35386 
31977 
28032 



2. In girders having the same total depth (namely 4 inches), and 
consequently nearly the same deflection, but differing in the depth 
ef mmr^ 





Depth of msMIt 


Total resisttnoe 
attbaonler 

fibre. 




301 
1-97 
1-56 
1-48 


lbs. 
37408 
2B032 
27908 
25271 


The tensile strength of the metal employed was "I i g«KA 



FVom these experiments, the partieulais of which are fully de* 
tailed, the foQowing fiacts are elicited 

1. That in all cases the total resstanoe at the outer fibre, at the 
time of rupture, is greater than the tensile strength. 

2. That in girders hafing the same depth of metal, it tnersases 
when the deflection increases ; and 

3. ThM in nrifder-^ haviTii^ the sRme total depth, and the snme de- 
flection, the resistance is greater when the depth^of metal in the 
beam is greater. 

And it follows that there is nn element of strength depending on 
the depth of metal in connexion with the deflection ; or in other 
words, dependent on the degree of /sears to whieh the metal form* 
Ing the htHD is eubjected. 



Digitized by GoQgle 



32. 



Royal Society : — 



The autihor next proceeds to examine the law under which this 
resiBtance varies ; and considering the total resistance in the solid 
beam to be composed of two resistances, one being constant and 

due to the tensile strength, and the other variable and depending on 
the depth of the metnl in connexion %vith its deflection, the experi- 
ments indicate that the resistance to tiexure varies, throughout all 
the girders, directly as the amount of deflection into the depth of 
the metal. 

The paper concludes by pointing out the important amount of 
this resistance, the operation of which has been hitherto unknown, 
and which in cast iron exceeds the tensile strength of the metal, and 
shows lliat comparisons of the strength of different forms of section, 
based on the existing theory, which assumes the resistance at the 
outer fibre to be constant and equal to the tensile strength of the 
metal, must be entirely fallacious. 

The paper is accompanied hy full details of nil the experiments, 
and the measurements for determining the position of the neutral 
axis. 

" On the Metallic and some other Oxides, in relation to Catalytic 
Phaenomena." By the Rev. J. Eyre Ashby. 

I purpose to detail some experiments on the metallic (and a few 
other) oxides, made with a view to ascertain their powers to produce 
and maintain, catalytically, the combustion of various gases and va- 
pours; and to annex such considerations as appear to be suggested 
by the facts. By catalysis I understand the operation of one body 
upon another, under favourable eiiettmstaQces, whereby the seccmd 
body is resolved into new chemical combinations, while the first 
(whatever may happen during the process) remains finally un- 
changed. This must be taken as not including explosion by per- 
cussion, in which the change takes place owing to the external 
application of dynamic force. 

The apparatus for experimenting comprehends a variety of shal- 
low capsules; wire-gauze, ui iron, copper, and brass, of different de- 
grees of fineness, cut into discs a little larger than the vessels on 
which they are to be superimposed ; a spirit-lamp with large wick ; 
a pur of pliers, and a few rings of wire to support the gauze, if 
necessary, while heating it in the spirit flame. The method- of pro- 
cedure is simple : the watch-glass, or capsule, is near^ filled with 
the linuid whose vapour is to be tried; on a wire-gauze disc is 
spread the oxide wliose powers as a catalyser are to be tested, and 
this being warmed (more or less) over the lamp, is set down upon 
the upper rim of the capsule. Sometimes it is necessary to heat a 
layer of the oxide in the middle of a small combustion-tube, and 
pass over it the gas, or mixture of gases. 

I tried the following substances with pyroxylic spirit (hydrated 
oxide of methyle) and alcohol separately. 

1. GoO appeared to possess the power in some degree, but per- 
haps the specimen was in too dense agglomeration, which is not 
essentially reduced by trituration. 

2. Oog maintained the catalytic combustion very well* 
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3. AgO, reduced to metallic silver, wiiich shows a strong ten- 
dency on gauze, and acts perfectly in the comliu t ion -tube. 

4. UoOy. HO became, at red heat, aiihydious mixiure of U O 
and U^b^, showing strong tendency. A very pure specimen cata- 
lysed the rapour as it changed from yellow to green, after which it 
died away. Will not act below 570° (F.). 

5. SnO ; strong tendency. 

6. SnOj; slight tendency. 

7. WO.^ apparently produces the effect if placed while glowing^ 
over alcohol, but gradually dies away, as if very slowly cooling. 

8. PbgO^ clmnn^ed to PbO, and showed a strong tendency, but 
quickly faded and grew cold. 

9. CdO, placed while very warm over pyroxylic spirit, burst into 
glow and catalysjed, but always died off after the lapse of from half a 
minute to two or three minutes, and then became incapable. 

10. CaO (on the gauze), no effect. 

11. SiOj exhibited a tendency. 

12. Stourbridge clay ; no effect. 

13. AI2 appeared to have no effect in maintaining catalytic 
combustion on the gauze, bat when made red-hot and quenched in 
absolute alcohol, it changed from pure white to a black substance 
and oxidized a portion of the alcohol. That this is not owing to 
carbon in the alcohol is evident, because the same changi' occurs 
when it is quenched in strong liquid ammonia. I suspect that it is 
a new oxide of aluiiiiiium. 

14. Nij O3, formed by heating carbonate of nickel nearly to red- 
ness, failed ; prepared from the common nitrate, it acted for a short 
time ; reduced as an intensely black velvety substance firom the purest 
nitrate, then warmed but not made red-hot, it glowed and catalysed 
with alcohol or ether. With pyroxylic spirit, it was left at the end 
of the operation of a greenish drab, which I suspect to be a mixture 
of Ni2 03 with NiO, although it may be Ni , O.^ changed only in ap* 
pearance, for when treated with nitric acid no nickel is dissolved. 

15. MnO^ is changed at red heat into Mn O ,, which, with alco- 
hol, ether, and pyroxylic spiiit, continues the blow combustion very 
steadily. A specimen of very pure MU2O3 acted extremely well, as 
did also a portion of euchrome*' (a hydrated sesquioxide of man- 
ganese (impure) dug from the estate of Lord Audley), after being 
heated in the air to drive away the carbonaceous matter with which 
it was mingled. Mn^O^ wiU, if sufficient care be taken, catalyse 
the moist gas arising firom a strong solution of ammonia. 

16. Fcj O3, when in the state of a light puffy powder, catalyses the 
vapow of ether, alcohol, and pyroxylic spirit, only requiring to be 
heated on the gauze before it is laid over the capsule. It is cheap, 
easily employed, and of invariable action. 1 have kept up the com- 
bustion for several hours on a surface of 120 «:quare inches. 

By means of a catalytic iauijj in whicii tiic liquid employed is con- 
tinually supplied from a reservoir and maintiuned at a constant level 
in the capsule, I have used 7 or 8 square inches continuously during 
thirty-six hours. This lampi I have occasionally used for laboratory 
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purposos, wher^ a gently imc| equabk hf«t was requWttd for i^veral 
houis. 

Fanning my experiments witii the oxides of the metslst lieated 
on friftt gauze, I tried as many I oould procure or make, and by 
% tolerably wide induction I found that the 0e§quiosid€9 have the 

strongest tendency to prodnre and maintain the catalytic glow, and 
do j^roduce it in every case in ^vhich they are not decQmposeU by the 
ani'iiuit of lieat required to begin the operation. 

When hydrated Fe., O.^is heated and placed over alcohol, its colour 
is deepened towards black, but nut umtormiy, and viieu cold the 
original colour returns. But if It be made red-hot and quenched in 
boiling alcohol out of contact with air, it is converted into hydrated 
Fe|04« and remains permanently a deep blaok magnetie powder, 
soluble in acids. A strong sdution of ammonia may be subiBtituted 
for the alcohol with the same effect, but in this case some of the 
fiesquioxide will remain unaltered and mixed with the black oxide. 
The alcohol or ammonia is correspondingly changed by oxidation 
derived from the oxygen which has been released from combination 
with the iron. If the hydrated Fe.^ be heated in contart with air, 
it miniediat* ly (even when it has been kept for many liionths) be- 
coLues I by oxidation frou\ the atmusphere, but if lieated to red- 
ness in vacuo, it cools unchanged. [Can the black powder of alu* 
mina be Alg O4, formed in a similar way ?] The process of catalysa-^ 
tioii by Fcg Oj, is thus evident; the heat^ sesquioxide loses a por« 
tion of oxygen to the alcohol and becomes Pc^O^* whioh is instantly 
reconverted into Fe^ O3 by receiving onygen from the air, and this 
alternation is constantly going on in every portion of the alowing 
mass. It is not a mere action de presence, but alternate reduction 
and oxidation of the sesquioxide, producing a continuous oxidation 
pf the alcohol. 

This suggests a consideration apparently adverse to the atomic 
hypothesis of Dr. Pulton. How can a siugic compuund mpltcule 
Fe.^ O3 be changed b^ deosidation into another compound molecule 
Fe^ vfh^n, according to theory, there are in it but two eombining 
proportions of iron, whereas the resultant contains three } and how 
(by deoxidation) can the resultant molecule contain four combining 
proportions of oxygen when the primary contained only three ? We 
can indeed represent to the imagination that thi-ee molecules of the 
sesquioxide, acting as if they were one triple molecule, lose one com- 
bining proportion of oxygen, and are converted into two molecules 
of the black oxide ; and conversely, that two molecules of the black 
oxide, acting us if they vvLre one double niulecule, combine with one 
atom of oxygen, and are converted into three atoms of sesquioxide. 
The only way to account fat thts» in accordance n^ith the popular 
atomic theory, seems to be, tp assume that the notation for these 
oxides is incorrect, and that 

for Fe^ we should write Fcg Og, 
and for Fe^ O4 we should write Fe^ Og. 

If th^ ^u^r^nt nptfUion b^ rptaii)«d| and aiiy law be «4mit(0d« in 
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virtue of which three molecules of sesquioxide mny suffer reduction 
as if they were only one molecule, aud divide into two molecules of 
the magnetic oxide, wc might conceive a peculiar structure in the 
Fcy O^, with a tendenty to separate again into FeO, Fe., O3 ; that it is 
really iu conibiiiaLioa ats Fe.^ O4, but ready to yield to slight causefl 
and become FeO, Fej O3. 'fhis would explain Mr. Mercer's experi^ 
f&^nt (quoted by Bmnde, 1. 716, editicm 1848) of the ohemioal unbn 
of a mecbanical mixture of protoxide and peroxide of iron. 

Perhaps the seaquioxides oocopy a middle place ia the acale of 
affiBcta. Take the caae of iron ) we have 

Fe+Of pyrop horaa, — violent oxidation* 
F«aO3+|fll3+0t alternate reduotion and oxidation, 
Fe 03+K!% (in water), reduction. 

To show the last, add amn^onia to a solution of FeO^, KQ< and 
Fco Og wiU b§ precipitated, 

A mixture of ten parte by weight of powdered chlorate of potaaia 
with one part of Feu O, di^eogagea oxygen with extreme facility and 
great ceconomy of heat as compared with the oxidea of oopper and 
manganese ; and it is the more convenient because n gniins of the 
mixture will represent almost exactly n cubic inchea of disengaged 
oxygen. 

A state of mechanical division is not absolutely necessary for the 
eatalysation of some infln.mniri1)lc vf\pours by Fe2 0.j; an old nail, 
entirely transmuted into rust, will perform the operation ; and when 
we consider that in many cases of fermentation, decay and putrefac- 
tion, thia oxide may be present, divided or aggregated, while heat fa 
evolved, §nd inilammable gaaea and vapours are set free, \^e may 
herfsafter be able to trace some instances of "spontaneous com- 
bustion " to t}ie catalytic action of the sesquloxides of iron. 

*' Ooillaf Spectres and Stmcturea aa Miitual Bxponenta." By 
iTamea Jago, A.Bt Cantab., M.B. Oxon. 

The present communication is a revised and modified vers^ion of a 
paper bearing the same title, which was read on the 18th of January 

aud 1st of February, and %vhicli was, by permission, withdrawn. The 
chief modification applies to the author's views respecting the struc- 
ture of the vitreous body as deduced from cntoptical phaenomeua. He 
is now of opinion that the arborescent syfctcm of which he infers the 
existence in that part of the eye (Phil. Mag. vol. ix. p. 305) does not 
qonsist of tubes filled with globules or cells, as h^ &t ^rst supposed, but 
of eeU-constitttted filaments. In a note, dated Marph 27, 1855, he 
l^s the following enunciation of h|s present views as to the struc* 
fiua of the vitreous body : — 

" I)( tb^ vitreous humour are innumerable transparent globules, 
beilda or cells, of lesa i^ecific gravity than the fluid, extremely 
minute, and of uniform size, which are arranged, without eJ^cepiion, 
in rows to form the threads of a lax, elongated, irregular web, 
springing from the general surface of the cypsule by, commonly, 
exquisitely ^mall n^cshes, and extending into the interior by oiiu rs 
of iii9f§aiipg size, tUat the innermost part of the web— wh^ch Ues 
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nearer the circumference of the vitreous body than its centre— con* 
fiists of comparatively large ones. 

*' Whenever the eye rotates, this filamentous peripheral system 
will in its relative (counter) lutatioii, yradually, though soon, come to 
the end of ito tether, and in this interval and when there, act n ft 
check upon the relatively rotatluf fluid ; perpetually reiterating oh* 
atruction, above all in the immediate vicinity of the capsule and (by 
the disposition of the threads to float vertically) most effectually in 
the most important or horizontal direction. The middle of the 
vitreous body being free of impediment, relative rotation of the fluid 
expends itself there, whilst a practical concurrence in the ocular ro- 
tation ensues near the capsule. And thus in the incessant move- 
ments of the eye, head and body, the wall that confines the fluid can 
suflFer no severe concussions from eddies in the latter. In other 
words, we have herein a provision that the crystalline lens may not 
be shaken, the circulation in the retinal vessels may not be deranged, 
and sensationB of light may not be ever assailing us from impulses 
of the vitreous fluid, perhaps that the retina may not itself suffer 
direct injury tberefirom." 

'*An Account ci some Expeiiments made with the Submarine 
Cable of the MediterianeanJSlectric Telegraph.'* By Charles Wheat- 
, stone, F.R.S. 

Tiie following results were obtained between May 24 and June 8 
in last year, with the telegraphic cable manufactured by Messrs. 
Kuper and Co. of East Greenwich, for the purpose of beini^ laid 
across the Mediterranean sea, from Spezia on the coast of Italy to 
the island of Corsica. The manufacturerSj in conjunction with 
Mr. ThoDi.-on the engineer of the undertaliing, kindly afforded me 
every facility in carrying on the experiments. The short time that 
elapsed between the opportunity presenting itself and the shipping 
of the cable for its destinatbn^ prevented me from determining with 
suflicient accuracy some pcnnts of importance, respecting which J 
was only able to make preliminary experiments, but the following, 
which 1 was able to effect with the means at hand, may possess 
suflicient interest to be made public. They present perhaps nothing 
theoretically new, but I am not aware that experimental verifications 
of some of these points have been made before. I assume that the 
reader is acquainted with the experiments of Dr. Faraday described 
in the Philosophical Magazine, 8er. 4, vol. vii. p. 197. 

The cable was 110 miles in length, and contained six copper wires, 
one-sixteenth of an inch in diameter, each separately insulated in 
a covering of gutta percha one-tenth ci an inch in thickness. The 
whole was surrounded by twelve thick iron wires twisted spirally 
around it, forming a complete metallic envelope one-third of an inch 
in 1;hickness. A section of the cable presented the six wires arranged 
in a circle of half an inch diameter, and one-fifth of an inch from the 
internal surface of the iron envelope. 

The cable was coiled in a dry well in the vrLi d, nnd one of its ends 
was brought into the manufactory. The wires were numbered 1, 
2, 3, 4, 5, 6, and the ends in the well were indicated by an accent ; 
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the ends 1'2, 2 .3, o4, 4'5, o'G were connected by supplementary 
wires, so that the electric current miglit be passed in the same direc* 
tion through all the as wkei joiaed to a single length, or through 
any lesser number of them, the connexions bemg made at pleasure 
in the experimenting room. 

The rheomotor employed was an insulated voltaic battery con* 
sisting of twelve troughs, each of twelve elements, which had been 
several weeks in action. 

First Series. 

The followinf^ experiments show that the iron envelope of the com- 
pound conductor gives ribe to the sam* |!h;i:*nomeua of induction 
which occur when the insulated wire is iu^niersed in water, as in 
Dr. Faraday's experiments. 

Egp, 1. One end of the entire length, 660 miles, was brought in 
connexion with one of the poles of the battery, the other end re* 
maining insulated. The wire became charged with negative elec- 
tricity when its end touched the zinc pole, and with positive elec* 
tricity when it communicated with the copper pole. A current, 
indicated bya.galvanometer placed near the battery, existed as long 
as the charge was going on, and ceased when it arrived nt its max?- 
mum. [The feeble current attributed to impeifect insulation, which 
continues rs lon^ as the contact with the battery remains, is here left 
out of consideration.] When the wire was charged, and the dis- 
ciiarge effected by a wire communicating with the earth, the current 
produced was in the same direction, whether the dischai'ge was made 
near the battery or at the oppodte end: i, e«,*the current in both 
cases proceeded from the wire to the earth in the sadte direction. 

Esp, 2. On bringing one end of the wire in contact with one of 
the poles of the battery, the other pole having no communicatioii 
with the earth, the wire lemained uncharged. A very slight and 
scarcely perceptible tremor was observed in the galvanometer needle 
interposed between the battery and the wire. 

Exp. 3. To each of the poles of the battery was attached a wire 
220 miles in length, and similar galvanometers were interposed be- 
tween the two wires (the remote extremities of which remumed in- 
sulated) and the battery. So long as one wire alone was connected 
with the battery no charge was communicated to it, but on connect- 
ing the other wire witii the opposite pole both wires were instan- 
taneously charged, as the strong deflection of both needles rendered 
evident. On bringing the free end of one of the wires in communi- 
cation with the earth it alone was dischaiged, the other wire remain- 
ing fully charged. 

Second Series* 

Exp. 4. One pole of the battery was connected with the eartii, 
and the other with 660 miles of wure, which had an earth conmiu- 
nication at its opposite end ; three galvanometers were interposed 
in the course of the conductor ; the first near the battery, the second 
in the middle of the wire« t. e. 330 miles from each extremity, and 
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the third at the remote end near the communication with the earth. 
When the connexion of the batterj with the wire wae completed, 
the galvanoraeten succeaiively acted upon in the order of their 
diitinces from the battery, as in the experiments recorded by Dr. 
Faraday. When the earth connexion at the remote extremity of the 
wire, on the contrary, was completed, the disturbance of equilibrium 
commenced at this end, anrl the galvanometers successively acted in 
the reverse order, i. e. the gaiv.inometer whieh was the most difctunt 
from the battery was the first im])cllcd into motion. In the latter 
case, before the C4)mpletion of the circuit the needles of the galvano- 
meters* had assumed constant detiectiuus to a limited extent, owing 
to n feeble current arising from the uniform dispersion of the stttic 
electricity along the vire. 

JE^, 5. The two extremities of the 660 miles of wire were brought 
into connexion with the opposite poles of the battery. When one 
of the ends previously disconnected from the battery was united 
therewith, the galvanometers at the extremities of the wire, and con- 
sequently which were at equal distances from tlic poles of the hat- 
tery, were immediately and simultaneously acted upon, while that 
whieh was in the middle of the wiie was subsequently caused to 
move. When the wire disconnected in the rnxduic mstead of near 
one of the poles of the battery was again united, the middle galvano- 
meter* which was the most remote from the battery, was tUo 
acted upon, and those near the poles subsequently. 

The comparison of the two above-mentioned experiments show 
that the earth must not be regarded simply as a conductor, which 
many suppose to be the case. Sinctj in the first experiment there were 
not many yards' distance between the two earth terminations, did 
the extent of ground between them act only as a conductor, the two 
galvanometers at the extremities of the wire should have acted simul- 
taneously, as ill the second expciiinent, and as would have been the 
case had a short wire united the two extremities which proceeded 
to the earth. 

Third Series, 

Exp. 6. One pole of the»battery was connected with the eerth, and 

the opposite ]>o]e M-ith one extremity of the 660 miles of wire, the 
other end remaining- insulated; a delicate galvanometer was interposed 
near the battery, Notwlthiitanding there was no circuit formed, the 
needle showed a constant deflection of '6'^^^ ; the feeble current 
thus rendered evident is not so n^uch to be attributed to imperfect 
insulation, as to the uniform and continual dispersion of the static 
dectricity with which the wire is charged throughout its ^ture 
length, in the same manner as wovdd take place in any othor 
charged body placed in an insulating medium. The strength of 
the current thus occasioned appears to be nearly, if not exactly, 
proportional to the length of the wire added, as the following table 
will show: the first column indicates the number of miles of wire 
subjoined beyond the galvanometer, and the second the correspond- 
ing deflections of the needle c-^ 
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0 0 

110 H 

290 12 

330 18 

440 23i 

550 28 

660 SI 

JSxp* 7. Oae end of the 660 miles of wire was nuw allowed to 
rwnam eonstantly in oontact with one of the pules of the hattery ; 
bnt the gelvanomeler was eueeeseively shifted to different distances 

from the battery. The strength of the rnrrent wns now shown to 
be inversely as the distance of the gtilvanomrtrr from the battery, 
becoming null at its pxtremity, shown in tlie ioliow ing table. The 
first column shows the distance from tl.c battery at which the gal- 
vanometer was i)laced, and the second column the corresponding 
deflection of the needle. 

miles. o 

Near the battery .... 33^ 

no 31 

220 25 

880 15 

440 12 

550 5 . 

660 0 

The deflections of the needle of the galvanometer employed in 
these experiments were, when they did not surpass 36^> very nearly 
c jinparable with the force of the current, litis I ascertained in the 
loUowing W87* I took six cells of the small constant battery- de- 
scribed in my paper " On r.ow Tn?tnimcnts and Processes fur deter- 
mining the Con?t;ints ot a Voltaic Circuit," printed in the Philo- 
sophical TransacLioiia for 1843, and placed i»> the circuit formed of 
the CGI) niilea uf wire, the earth, and the gHlvauometer, successively 
i, iJ, 3. 4, 5 and (i cells. Leaving out of consideration the resist- 
imces in the ceUs themselves and in the earth, which were very in- 
Qonndmhle in aampainon with that in the long wire, the foree of 
the ettrrent should be approximately proportionate to the number 
e| the elements ( and since the deflections of the needle nearly indi- 
Htod this proportionality, as the following table will show, it may 
he assumed that the force of the current, when the deflection of the 
needle did not surpass 36^, nearly corresponded with the an^ar 
deriation. 

1 6 

2 14 

3 19 

5 82 

Q 36 
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From tbe preceding experiments (6« and 7.) It seems to result* 
that whatever length of wire is connected with the battery, iS a gal- 
vanometer is placed at the farther extremity of the wire and a con* 
stant length added to the other termination of the galvanometer, its 

indication remains always nearly the ?arae. Thus the galvanometer ' 
iiidicatf^d 6^° when it was placed close to the battery and 110 miles 
of wire were subjoined beyond it; and 5° when 550 miles were in- 
terposed between the battery and iralvanometer, the same length, 
110 miles, being subjoined. In like manner, when 220 miles were 
added beyond the galvanometer placed near the battery, the indica*^ 
tion was 12^ ; precisely the same as when 440 miles were interposed 
and 220 added. So also when 330 miles were added, the deviation 
of the galvanometer was 18^; and 15° when 330 miles were inter-- 
posed and 330 added. I have no doubt that the correspondence 
would have been closer had it not been for the flnctuationB of the 
battery. 

It would a])pear from this, that whatever be the length of wire 
attached to tlu- insulated pole of a battery, it becomes charged to 
the same degree of tension throughout its entire extent; so that 
another insulated wire brought into connexion with its free extre- 
mity exhibits precisely the same phsenomena, in kind and measure, 
as when it is brought into immediate connexion with a pole of the 
battery. Some important practical consequences flow from this 
conclusion, which I will not develope at present, as I have not yet 
had an opportunity of submitting them to the test of experiment. 

April 19, 1855.— The Lord Wrottesley, President, in the Chair. 

The loiiowiiig communication was read : — 
'* On the Descent of Glaciers." By the Rev. Henry Moseley, 
M.A., F.R.S. 

If we conceive two bodies of the same form and dimensions (cubes 

for instance), and of the same material, to be placed upon a uniform 
horizontal plane, and connected by a substance which alternately 
extends and contracts itself, as does a metallic rod when subjected 
to variation? of temperature, it is evident that by the extension of 
the intervening rod each will be made to recede from the other by 
the same distance, and, by its contraction, to approach it by the 
same distance. But if they be placed on an inclined plane (one 
being lower than the other), then when by the increased temperature 
of the rod its tendency to extend becomes sufficient to push the 
lower of the two bodies downwards, it will not have become suffi- 
cient to push the higher upwards. The effect of its extension will 
therefore be to cause the lower of the two bodies to descend whilst 
the higher remains at rest. The converse of this will result from 
contraction ; for when the contractile force becomes sufficient to 
pull the upper body down the plane it will not have become suffi- 
cient to pull the lower up it. Thus, in the contraction of the sub- 
stance which intervenes between the two bodies, the lower will re- 
main at rest whilst the upper descends. As often, then, as the ex* 
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pansion and contraction is repeated the two bodies will descend the 
plane until, step by step, they reach the bottom. 

Sappofle .the uiuform bar AB placed Fig, 1. ^ 

on an indmed plane, and subject to ex- 
tension from increase of temperature, a 
portion Xfi will descend, and the rest XA 
will ascend ; the pointX where they sepa* 
rate being determined by the condition 
that the force requisite to push XA up 
the plane is equal to that required to ^ 
push XB down it. 

Let AX=j', AB=L, weight of each linear unit =ii, t= inclina- 
tion of plane, ^= limiting angle of resistance, 

ux= weight of AX, 

«(L— «)= weight of BX. 

Now, the force acting parallel to an inclined plane which is neces- 
sary to push a weight W up it, is represented by 

^ sin (0^») . 
cos^ 

and that necessary to push it down the plane by 

^ sin 

cos^ 

cos 0 COS 0 

.\ «{sin (^+«)+sin (f — t)}sLsin *t) 
2dr sin f cos t =s L sin — t) 

2 sm 0 cos t 

1 |. f , tan i 1 

2 I tan^J 

When contraction takes place the con- Kg. 2. 

verse of the above will be true. The 
separating point X will he such, that the 
force requisite to pull XB up the plane is 
equal to that required to pull AX down 
it. BX is obviously in this case equal to 
AX in the other. 

Let Xbe the elongation per linear unit 
nnder any variation St temperature ; then 
the distance which the point B (see fig. 1) will be made to descend 

by this elongation 

=X.BX 

=:X(L~*) 

2 A tan^/ 
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If we conceive the bar now to return to its former temperature* 
contracting by the aaine amoimt (A) per linotrumt; then the point 
B (fig. 2) wUl hy this contnustion be made to ascend through the 
space 

BX.X==drX 

= 0) 

2 I tan ^ J 

Total descent / of B by elougatiou and contraction is therefore 
determined by the equation 

l=LK^ (2) 




tan ^ 

To determine the pressure upon a nail, 
driven through the rod at any point P 
festening it to the plane. 

It is evident that in the act of exten- 
slon the part BP of the rod will descend 
the plane and the part AP ascend ; and 
conversely in the act of contraction ; and 
that in the former case the nail B will 
sustain a pressure upwards equal to that necessary to cause BP to 
descend, and a pressure downwards equal to that necessary to cause 
PA to ascend ; so that, assuming the pressure to be downwards, and 
adopting the same notation as before, except that AP is represented 
by p, AB by a, and the pressure vpon the nail (assumed to be 
downwards) by P, we have in the case of extension 

p ain (» + .•) _,(„_ jsinif-i^ 

cos 0 . COS ^ 

and in the case of contraction 

eos^ eoBf 
Reducing, these formnln become mpectilrely 



1 2p sin ^ cos i—a 8in(^— t) ^ 



CO8 0 



(3) 



My attention was first drawn to the influence of variations in 
temperature to cause the descent of a lamina of metal resting on an 
inclined plane, by observing, in the autumn of 1853, that a portion 
of the lead which covers the south side of the choir of the Bristol 
Cathedral, whioh had be6n renewed ib. the year bat hid out 
been properly fastened to the ridge beam, had desoeaded bddily 
18 inches into the gntter ; sd that if plates of lead had not been in- 
serted at the top, a strip of the roof of that length would have been 
left exposed to the weather. The sheet of lead which had so de- 
scended measured, from the ridge to the gutter, 19 feet 4 inches 
and along the lidge 60 feet. The descent had been continually 
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going on, from the time the lead had been laid down. An attempt 
made to stop it by driving nuils through it into the raftetshad failed. 
The foree-by which the lead had been made to deicend, whatever it 
was, had heen foond sufficient to draw the nails*. A» the pitch el 

the roof was only 16}°, it was sufficiently evident that the weight of 
the lead alone could not have caused it to descend. Sheet lead, 
"whose surface is in the state of that used in roofing, will stand firmly 
upon a surface of planed deal when inclined at an angle of UO°t, if 
no other force than its weight tends to cause it to descend. ITie 
coni^idcTat!o^s which I have stated in the preceding articloR led me 
to the conclusion that the daily variations in the temperature «if tlie 
lead, exposed as it was to the action of the sun by its southern 
aspect, coald not but cause it to descend considerably, and the only 
question whioh lessained on my mind was» whether this descent 
could be so great as was observed. To determine this I took the 
following, data 

Mean daily variation of temperature at Bristol in the month of 
August, assumed to be the same as at Leith (Kaemtz« Meteorology, 
by Walker, p. 18), 8°'21 Cent. 

Linear expansion of lead through 100*' Cent. 'W2S4nG. 

Length of sheets of lead forming the roof from the ridge to the 
gutter 232 inches. 

Inclination of roof 

limiting angle of resistance between sheet lead and deal 80^. 
Whence the mean daily descent of the lead» in inches, in the 
month of August, is detennined by equation (2) to be 



The average daily descent gives for the whole montli of August a 
descent of '863288. If the average daily variation of temperature 
of tiie month of August had continued throughout the year, the 
lead would have descended 10*18148 inches every year* And in the 
two years from 1851 to 1863 it would have descended 30*88296 
inohes. But the duly variations of atmospherio temperature are less 
in the other months oif the year than in the month of August. For 
this reason* therefore* the calculation is in excess. For the following 
reasons it is in defect: — Ist, the daily varmtions in the temj^ernture 
of the lead cannot bnt have been greater than those of the sun ound- 
iug atmosphere. It must have been heated above the surrounding 

* The evil was remedied by placing a beam across tlie rafters near thefidge^ 
9|)d dmiMiiirr the sheets round it, and fixing; tlieir ends with spike nails. 

f This luay easily be verified. I give it as the result of a ronga experiment of 
my own. I sm not seqnauited witb any esperimeati on the friction lesA msdo 
with sufficient eare to be received r\s nntliority in this matter. The friction of 
copper on oak has, however, been rtetermhied by General Moriu to be 0-02, and its 
limitmg augle of resistance 31° 48'; so that if the roof of Bristol Cathedral had 
been indined at 31*^ instead of 10^ and been covered with sheets of ooppet 
restitv? m oak boardsi instead of sheets ol load mti n f OS citali tlis ibMtiag 
woald not have slipped by ita weight only. 
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atmosplieye by radiation from the sun ia the day-time, and oookd 
below it by radiation into apace at night. 2ndly. One variation of 
temperature only has been assumed to take place every twenty-four 
hours, viz. that from the extreme heat of the day to the extreme 

cold of the nii^lit: wliereas such variatioTis are notoriously of con- 
stant occurrence tluiiiiL; the twenty-four hours. Each cannot but 
have caused a corresponding descent of the lead, and their aggregate 
result cannot but have been greater than if the temperature had 
passed uniiurmly (without oscillations backwards and forwards) from 
one extreme to the other. 

These considerations show, I think, that the causes I have 
assigned are sufficient to account for the fact observed. They sug- 
gest, moreover, the possibility that results of importance in meteor-^. 
ology may be obtained from observing with accuracy the descent of 
a metallic rod thus placed upon an inclined plane, lliat descent 
would be a measure of the aggregate of the changes of temperature 
to which the metal was subjected durmg the time of observation. 
As every «iich change of temperature is associated with a corre- 
sponding; ele\ el(j|>nient of mechanical action under the foiTn of work*, 
it would be u nieubure of tlie aggregate oi buch changes and of the 
work 80 developed during that period ; and relations might be found 
between measurements so taken in different equal periods of times, 
successive years for instance, tending to the development of new 
meteorological laws* 

The following are the results of recent ezperimentsf on the 
expansion of ice : — 

Linear expansion of ice for an interval of 100° of the Centigrade 
thermometer. 

0-00524, Schumacher. 

0 00513, Johrt. 
0-00518, Moritz. 

Ice, therefore, has nearly twice the expansibility of lead, so that a 
slice t of ice would, under similar circumstances, have descended a 
plane sinjihuly inclined, twice the distance that the sheet of lead 
referred to in the preceding article descended. Glaciers are, on an 
increased scale, sheets of ice placed upon the slopes of mountains, 
and subjected to atmospheric variations of temperature throughout 
l^eur masses by variations in the quantity and the temperature of 
the water, which flowing from the surface everywhere percolates 
them. That they must from this cause descend into the valleys is 
therefore certain. That portion of the Mer de Glace of Chamouni 
which extends from Montnnvcrt to ver}'^ near the origin of the Glacier 
deLc'^chaud, lias been accurately observed by Professor James Forbes J. 
Its length IS 22,600 feet, and its inclination varies from 4° 19' 22" 
to 5° 5° 53". The Glacier du Geant, from the Tacul to the Col du 

♦ Mr. Joule has shown CPliil. Trans. IRriO, Part I.) that the quantity of heat 
capable of raising a poaad of water by l"* Fahr. requires for its evolution 77^ units 
of work. 

t Vide Archiv f. Wissenchaftl. Kunde v. Russland, Bd. vB. B, 33S. 
$ Tiavelt through the Alpt of Savoj. EdGnboigii, 1848, 
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G^nC» Piofeasor Forbes estimates (but not from his own obeenra- 
tiont, or with the tUM oertainty) to be 24,700 feet in length, and 
to have a mean inclination of 8^ 46' 40". 

Acooiding to the obeervationa of De Sauasure, the mean daily 

range of Reaumur's thermometer in the month of July, at the Col 
da Creant, is4°-267*, and at Chamouni 10° 092. The resistance 
opposed by the rug^ged chnnnel of a glacier to its descent cannot but 
be different at different pointd and in respect to different glaciers. 
The following passage from Professor Forbes's work contains the 
jnost authentic mfunnation I Min iihlc to tiin! on this subject. 
Speaking of the Glacier of iu iirunva, he sa)'!5, " The ice lemoved, 
a layer of fine mud covered the rock» not composed however alone 
of the clayey limestone mud, but of sharp sand derived from the 
granitio moraines of the glacier, and hrought down with it from 
tiie opposite side of the valley. Upon examining the ftice of the 
ice removed from contact with the rock, we found it 9«t all over 
with sharp angular fragments, from the size of grains of sand to 
that of a cherry, or larger, of the same species of rock, and 
which were so firmly fixed m the ice as to demonstrate the impossi- 
bility of such a surface being forcibly urged forwards without saw- 
ing and tearing any comparatively soft body which might be below it. 
Accordingly, it was not difficult to discover in the limestone the very 
grooves and scratches which were in the act of being made at the 
time hy the pressure of the ice and its contained fragments of stone.*' 
(Alps of the Savoy, pp. 203>-4.) It is not difficult from this descrip- 
tion to account for the fact that small glaciers are sometimes seen to 
lie on a slope of 30° (p. 35). The most probable supposition would 
iiidt cd fix the limiting angle of resistance between the rock and the 
under surface of the ice, set all over, as it is described to be, with 
particles of sand and small fragments of stone, at about 30°, that 
being nearly the slope at which calcareous stones will rest on one 
another. If we take then 3U tu be the limiting angle of rebiiitauce 
betwe^ the under surfece of the Mer de Glace and the rock on 
which it rests, and if we assume the same mean daily variation of 
tempeiatnie (4*257 Reaumur, or 5*821 Centigrade) to obtain through- 
out the length of the Glacier du G^ant, which De Saussure observed 
in July at the Col du G^ant ; if, further, we take the linear expan* 
sion of ice at 100° Centigrade to be that (•00524) which was deter- 
mined by the experiments of Schumacher; and, lastly, if we assume 
the Glacier du Geant to descend as it would if its descent were un- 
cppusfd l)y its confluence with the Glacier de Lechaud, we shall ob- 
tain, by substitution in equation (2) for the mean daily descent of 
the Glacier du G^ant at the I'acul, the formula— , 

100 tan 30 

/= 1-8395 feet. 

The actual descent of the glacier in the centre was 1'5 foot. If the 
Glacier de Lechaud descended at a mean slope of 5°, singly in a 

* Quoted by Profesior Forbes, p. 231. 

FhU. Mag. S. 4. Vol. 10. No. 63. July 1855. P 
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sheet of uniform breadth to Montanvert without receiving the tri- 
butary glacier of the i alefre, or uniting with the Glacier du Geant, 
its diurna] descent would be given by the same formula, and would 
be found to be * 95487 foot. Reasoning similarly with reference to 
the Glacier dn G^t, supposing it to have continued its course singly 
from the Col du G^t to Montanvert without confluence with the 
Glacier d L^chaud, its length being 40,420 feet, and its mean incli- 
nation C° 53', its mean diurnal motion / at Montanvert would, by 
formula (2) have been 2'3564 feet*. The actual mean daily mo- 
tion of the united glaciers, between the let and the 28th July, was 
Montanvert (Forbes's ' Alps of the Savoy/ p. 140), — 

Near the side of the glacier 1*441 foot. 

Between the side and the centre . . 1*750 foot. 
Near the centre 2*141 feet. 

The motion of the Glacier de Lechaut was therefore accelerated by 
their confluence, and that of the Glacier dtt G^ant retarded. The 
former is drfiiriicd down by the latter. 

1 have had the less hesitation in offering this solution of the me- 
chanical problem of the motiuii of glaciers, as those hitherto pro- 
posed are confessedly imperfect, i iiat ol De Sautsure, which attri- 
butes the descent of the glacier simply to its weight, is contradicted 
by the &ct that isolated fragments of the glacier stand fiimly on 
the slope on which the whole nevertheleBS descends ; it being ob« 
vious that if the parts would remain at rest separately on the hed of 
the glacier, they would also remain at rest when united. 

That of Professor J. Forbes, which supposes a viscous or semi- 
fluid structure of the glacier, is not consistent with the fact that no 
viscosity is to be traced in its parts when st ]j;ii iited. They appear 
as solid fraguients, and they cannot acquire in their union proper- 
ties in this respect which individually they have not. 

Lastly, the theory of CiiarpenUei, wliicU aUiibutes the descent of 
the glacier to the daily congelation of the water which percolates it, 
and the expansion of its mass consequent thereon, whilst it assigns 
a cause which, so ^ as it operates, cannot, as I have shown, but 
cause the glacier to descend, appears to assign one inadequate to the 
result ; for the congelation of the water which percolates the glacier 
does not, according to the observations of Professor Forbes t» ^ke 
place at all in summer more than a few inche? from the surface. 
Nevertheless it is in the summer that the daily motion of the glacier 
is the greatest. 

The following remarkable experiment of Mr. Hopkins of Cam- 
bridge^, which is considered by him to be confirmatory of the wilding 
theory of De Saussure as opposed to De Charpentier's dilatation 
theory, receives a ready explanation on the principles which I have 
hud down in this note. It is indeed a necessary result of them. 

* On the 1st of July, the centre of the aefeosl motioB of the Mer de Olaoe st 

Moutanvert was 2 25 feet, 
t Travels ia the Alps. 

X I h«fB quoted the above soooant of it from PieliBnor Foibes'i book, p. 419. 
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** Mr. Hopkins placed a inafs of rough ice, confined by a square 
fraiiie or bottomless box, wyiow a roughly chiselled flag stone, which 
he then inclined at a biiiall angle, and found that a slow buL uni- 
form motion was produced, when even it was placed at an incon- 
ndenibie slope/' This motion, wbich Mr. Hopkins attributed to 
tlie diss(dtttion of the ioe in contact iritfa the stone, would, I appre- 
hend, have taken place if the mass had been of lead instead of ice; 
and it would have been but about half as £ut» because the linear 
expansion of lead is onfy about half that of ice« 



IX. Intelligence and MmeUaneous Articles. 

OM THE ANiESTHETIC PRINCIPLE OF THE LYCOPEliDOX PROTEUS 
AND CERTAIN OTHER FUNGI. BY THORNTON HEBAFATB, £SQ. 

THE smoke of the puff-ball, it iswell known.has been long employed 
in some parts of the country, by apiarists, for stopping bees. 

In a paper ** On the Anaesthetic Properties of the Lycoperdon proteus, 
or common Pulf-ball," which was read before tlic Medical Society of 
London in 1853, Mr, B. \V. Richardson culled jiarticular attention 
to this fact, and stated that the fumes of the burning fungus pro- 
duced the most perfect anaesthesia, not only in insects, Imt also in 
dogs, cats, rabbits, and probably in all the larger animals, and might 
consequently be applied as a substitnte for the vapour of chloroform 
and aether in producing insensibility to pain in surgical practice. 
With the assistance of Dr. l^Hllis, he said, he had removed a large 
tumour from the abdomen of a dog that had been placed under the 
influence of the narcotic, without any sign of pain being exhibited by 
the animal during the operation. From this gentleman's oqpeii- 
ments it appeared, that when a moderate quantity of the fumes was 
inhaled slowly, the narcotism came on and passed off slowly, the 
animal exhibiting all the symptoms of intoxication, with convulsions 
and sometimes vomiting ; but that when they were administered in 
larger (quantity, life was invariably destroyed. 1 he consideration of 
these and other facts induced Mr. Richardson to conclude, that the 
peculiar ^ects that were produced by the inhalation of the smdLc 
of the puff*ball were caused by a volatile narcotic principle contained 
in the fungus, which was liberated by the action of heat, but^was 
not absorbable by water, alcohol, or a strong alkaline solution. What 
the exact nature of this principle was, however, he confessed himself 
to be unable to determine. About eight or nine months n<ro I care- 
fully repeated Mr. Richardson's experiments, and after making several 
futile attempts, at last, I believe, succeeded in isolating the narcotic 
constituent of the smoke. 

The first step I considered it necessary to take in the investiga- 
tion, was to determine in what part of the fungus the anaesthetic 
ingredient was contained; that is to say, whether in the sporules, 
the cellular tissue, or the matters soluble in water. . I accordingly 
digested two or three ounces of the fungus, previously torn up into 
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small pieces, in moderately warm water, and by means of pressure' 
and washing, separated the sporuks and soluble coubUtuents from 
the cellular matter. Then, by allowing the water tbat had been 
vwed in fhia operation to remain andistDrbed for aereial hours, the 
sporulea were collected in the form of adaric brown-ooloured* muddy 
deposit. This was well washed oDce or twice with water, and 
dried in an oven, as was also the cellular matter, and the wafteiy 
solution waa evaporated to dryness. On testing these three sub^ 
stances, it was found that only two of them, namely the pporulea 
and the cellular tissue, were capable of producing anncf^thesin ; the 
aqueous extract evolved a thick irritating vapour, but this did not 
occasion insensibihty on inhalation. 

It was clear, therefore, that the narcotic principle should be looked 
fur iu the two former. Accordingly, small portions of each of them 
were digested for aeveral hoars in boiling alcohol, aether, bisul- 
phide of carbon, wood-spirit, chloroform, dilated snlphuric acid, and 
fusel oil, but in every Instance the resldoary matter, when pressed 
and dried, was found to retain its original narcotic quality. Fresh 
quantities were then soaked for a considerable period in hot alkaline 
lye, and in a hot solution of moderately strong nitric acid, until 
nothing further was dissolved out by either of the reap^ents ; the 
insoluble portion was well M'nshed with water, and again dritd in an 
oven. On this being tested as before, anaesthesia was found to be 
no longer produced. 

In the next series of experiments I operated in a different way. I 
introduced thefiimes of the burning fungusintobottles containingsmall 
quantitieB of Uquor potasaae, dilute hydrochloric acid, alcohol, fusel 
oil, and diluted sulphuric add. The bottles were then well shaken for 
several minutes, and the propertiea of the purified fumes were tested 
by Introducing flies, bees, or wasps, secured by cement to the ends 
of long ai^inten of wood. Into the bottles, and observing the efllects* 
In every case, however, insensibility was still produced, thus showing 
that the narcotic quality of the fumes was not caused by any body 
soluble in these solutions. I'here being no substance with which I 
am acquainted, except carbonic oxide, nitrous oxide, and perhaps 
some compounds of cyanogen which possess all these properties ; 
and having, moreover, in the mean time read a ]>aper, by M. Adrien 
Chenol, " On Pure Oxide of Carbon, considensd as a Poison*," It 
immediately occurred to me that it was the former of these substances 
that was the cause of the narcorism. I therefore specially examined 
the fumes for carbonic oxide, by agitating them with an acid sdn- 
tlon of chloride of copperi and also by absorbing the carbonic acid, 
ammonia and oxygen, by means of lime-water, diluted muriatic acid, 
and a solution of the protosulphate of iron saturated with nitric 
oxide gas, when indications of the presence of carbonic oxide were 
readily obtained; the fumes, after agitation with the solution of 
chloride of copper, no longer induced naicotism ; whilst those, on the 
coutraiy, which had been treated with the other solvents, were more 

* Cou^ti BmdM, No. 16, April 17, 1854. 
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than ordinarily powerful, and rendered nn insect insensible much 
more quickly than before ; they also burnt with a blue flame, and 
possessed all the well known characters of tiie oxide of carbon. The 
' correctneas of this condueion was. Moreover, oonlirmed by experip 
menting with carbonic oxide prepared by acting on oxalic acid with 
oil of vitriol, and passing the gas evolved tlirongh caustic soda-ley, 
Bven when largely diluted with air, it ttill continued to produce 
insensibility in insects^ and acted in everyway like the purified fiunes 
of the Lycoperdon * . 

It is not difficult to understand how carbonic oxide is formed by 
the igaitiou of the fungus, as this gas is invariably produced in larger 
or smaller quantity when certain organic substances are decomposed 
by heat, though some yield it in greater proportion than others ; and 
consequently, as might have been anticipated, I find that the fomes 
of^eral otiier fungi act in the same manner towards animals as 
those of the Ifeoperdon proteuf. The principal of those to which I 
aUude are the common Lifwperdim of the dniggist, X. gtgwimmt 
and the mushroom, Agarku9 campetirit. 

Old Park, Bristol, 
May 26, 1865. 



ON A STRONGLY niUOABBCENT FLUID. BY RUDOLPH BOTTGSR. 

Dr. B6ttger has informed i^rof. Poggendorff, that a solution of 
platino-cyanide of potassium possesses l£e property of fluorescence 
In a stiU higher d^pree than sulphate of quinine. The solution of 
the metallic salt fluoresces with a yellowish light, resembling one 
of the colours exhibited by its du^nntic ciystals.— Poggendoiff'B 
jimuthn, vol. XG¥. p. 176. 



ON THE QUANTITATIVE DETERMINATION OF WATEE. 

BY DR. H. VOHL. 

Water is alniost always determined by the loss which a body 
undergoes when exposed to a high temperature. In those cases, 
however, in which the constituents of the body under investigation 
are liable to change when heated by taking up oxygen, the deter- 
mination of water is attended with many difficulties, and unsa- 
^sfiictory results are in consequence often obtained. The method 
usually employed consists in heating the body in an atmosphere 
free of oxygen, and passinn: the g^as charged with watery vapour 
through a carefully weighed chloride of calcium tube. The loss of 
the substance should then be exactly equal to the increase in the 
weight oi the chloride of calcium tube. 

Another method which I have frequently employed with very 
satis&etory results, consists in mixing tlie readily oxidizable sub* 

♦ See also • A Treatise ou Poisons,' by Professor Christison, 4th edition, 
p. 827, fur an account of the peculiar effects produced by the inhalation of 
the oxide of carbon. 
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ttafioes with «n eioew of bidttomate of poteth, pouriog water oyer 
the mixture in a piatiQum or porcelain crucible, and then drying it, 
first in the water-bath and afterwards in the air-bath, at 392^ FVihr. 
In many cases the mixture may be heated ahnoet to redness over 

the flame of a lamp. 

The intermixture of bichromate of potash is a source of oxygen, 
■whk h readily funusiies that substance to the oxidizable body, with- 
out, liuw ever, in any way altering- the weight. Consequently if the 
weight ui the iutistauce euipioyed, and of the bichromate of potash 
added to it be known, the loss, if no yolatile body be present, gives 
only the quantity of the water contained in it, and yolatilized from 
tiie subetance under inyestigation. It is a matter of course that this 
substance should contain neither oiganic compounds nor ammo- 
niacal salts. The addition of bichromate of potash is not always 
advisable, but in many cases the neutral salt must be employed, as 
in many salts the acid will have a decomposing action upon the 
chromic acid, giving rise to an evolution of oxygen or chlorine, 
and thus a higher amount of water will be obtained. Thi.s will 
occur, for instance, with all protosalts of iron containing; sulphuric acid 
or chlorine ; with these the neulial chiumute of potash must always 
be employed, when, if the heat be not raised to redness, no decom- 
position it the chromic add will take place, llie chromate employed 
must be perfectly dry and free from all organic matter. 

To obtain it in this state, the commercial salt is to be purified by 
crystallization, and the crystals obtained fused at a gentle heat 
(below redness) in a platinum or porcelain crucible. On cooling, 
the mass solidifies at first in a crystalline form, and afterwards falls 
into a coarse powder, which may be employed without further pre- 
paration, and should be weighed while still warm. The neutral 
chromate oi potash is dried in a covered crucible and weighed^whilst 
warm. — liebig^s Amuden, May 1855, vol. xciv. p. 216. 



ON THE DETERMINATION OF LIME. BY H. YOHL. 

Lime is usually determined either as carbonate or sulphate. A 
method which furnishes very exact results consists in precipitating 
the lime in the form of oxalate, washing the precipitate by decanta> 
tion, and then treating it in tiie apparatus of Will and Fresenius 
with bichromate of potash and sulphuric add. If a few particles 
float upon the surface during the decantations, they may be got rid 
of by die addition of a few drops of aether. The sidphuric acid sets 
free the oxalic acid of the lime*salt, which is then oxidized by the 
chromic acid, forming carbonic acid, which is evolved. From this 
loss the amount of lime is calculated in accordance with the follow- 
ing formula : — 

3(CaO. C8 0>) + KO, 2(CrO^) + 7(SOs) 

, = 3(CaO, BO) + KO» SO> + Cr« + 3(809) + 6(CO«), 
or for 84*396 of lime, 132*000 of carbonic add will be eydyed. 
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Ab the iraahmg by deeantatioii vequim lome practke, uid u not 
always practicable, tiie oxalate of lime may be filtered and washed ; 
then dilSDiTed on the filter with very dilute boiling muriatic acid. 
The solution obtained, which may be reduced by evaporation if 
necessary, is then put into the apparatus for the evolution of the 
carbonic acid, and after it has been neutralized with ammonia, the 
chromate of pota°h is added. In order to prevent any evolution of 
chlorine, a small quimtitv of oxide of mercury must be added before 
the sulphuric acid is added to the mixture. — Liebig's Annalen, May 
1855, vol. xciv.p. 217. 



METEOROLOGICAL OBSERVATIONS 70R MAT 1865. 

Chismck.—yizy 1. Densely clouded ; dry haze : clear. 2. Clear : sharp frost at 
night. 3. Tmt : densely oyercast. 4. Cloudy and cold : frosty. 6. Excessively dry 
sir, with bright sun. 6. Fine. 7. Fine .- overcast : boisterous at night. 8. Cloudy t 
clear, with sharp frost at niglit. 0. Fine : rain at night. 10. Cloudy. 11. Cloudy 
and fine : thtinderoStorm in alteruoon : clear. 12. Cloudy and cold : venr dear : 
frosty. 13. Oraicast ; boittevons, with heavy rain at night, li. Cloudy. 15. 
Cloudy :ndii. 16. Cloudy : clear and frosty at niult 17 — 19. Very fine. 20. 
Foggy: very fine. 21. Overcast. 22. Cloudy. 23—25. Fine. 26. Very fines, 
hot and dry. 27. Slight haze : cloudy : rain. 28. Kain. 29. Cloudy : showery. 



30. Cold tbowers. 31. Ridn. 

Mean temperature of the month 48^-8R 

Mpan temperature of May 1854 50 "07 

Mean temperature of May for the last twenty-nine years ... 53 *72 
Average amoont of rain in May 1*85 inch. 



Boston. — May 1. Cloudy. 2. Fine. 3. Cloudy : rain and sdow p.m. 4 — 6. 
doady. 7. Clondys rain a.ic. and9.if. 8. Qoudy: Tiiii» ludl and 8nowp.M. 

9. Cloudy. 10. Cloudy: rain a.m. and p.m. 11. Cloudy: rain p.m. 12. Fine. 
13. Cloudy: rain P.M. ll. Cloudy. 15. Cloudy: rain a.m. IC, 17. Cloudy; 
rain P.M. 18 — 20. Cloudy. 21. Cloudy : rain a.m. and p.m. 22. Cloudy. 23— 
28« ISne. 29^1. doady : rain a.>i. and tm, 

SandwMt MmM, OrHey. — May 1. Cloudy A.if . : dear, fine p.m. 2. Drizzle a.m. : 
showers P.X. 3. Hail-showers a.m. lad p.if. 4. Cloudy a.m.: clear p.if. 5. 

Cloudy A.M.: rain p.m. 6. ^Slrrt shnTvcrs a.m. and p.m. 7, 8. Slcet-showers a.m. : 
doudy FJi* 9. Hail, frost a.m. : clear p.m. 10. Bright a.m.: doudy p.m. 11. 
Clear A.X. and p.m. 12, 13. Bright a.m. t doody p.ii. 14. Cloady a.m. : dear 
P.M. 15« Showers a.m. : doudy p.m. 16. Clondy a.m. : showen p.m. 17. Bright 
A.M.: drops p.m. 18. Bright A.?,f.: cloudy p.m. 19 Showers a.m.: doudy p.m. 
20. Bright A.M. : clear, fine p.m. 21. Cloudy a.m. and p.m. 22. Small rain a.m. 
md P.M. 23. Small ndn am, : elear, line p.ii. 24» 25. Hazy a.ii. and tM, 20h 
Diops A.M. : cloudy p.m. 27. Hazy a.m. and P.if. 28. Cloudy am, and p.m. 
29. Bright A.M. : clear P.M. 30. Cloudy a.m. and p.m. 31. CI en r a.m. and p.m. 

This month has been remarkably cold, the mean temperature being lower than 
<hat of any May during the twenty-eight yean of my obaervationa, — iMS below 
the averag^ and the tint half of it waa only about the avenge temperalore of 
March. 

Mean temperature of May for twenty-eight previous years . 47°*99 

Mean temperatora of this month 43 *81 

Mean temperature of May 1854 48 '39 

Average quantity of rain in May for fourteen previooa yean 1 -68 inch. 
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X. On the Fm'mation of Iitdigo-hlue, — Part I, 
By Edwabd Schunck, Ph.D., F.R.S,* 

INDIGO, one of the most important and extenaively used 
dyes, owes its value entirely to a peculiar ooloaring matter 
contained in it^ to which the name of indigo-hiue or indigotine ia 
applied by chemists. This sabstance has been repeatedly sub- 
jected to investigation, and several distinguished chemists have 
bestowed their attention and labour upon it. Its properties, 
composition, and products of decomposition, have been so care- 
fully examined, that it may safely be asserted that there are few 
organic substances whose natiu*e is more accurately known than 
that of indigo-blue. If, however, we inquire into the state of 
our knowledge regarding the origin and mode of formation of 
this body, it will be found that our information on this part of 
the subject is extremely defective. Indigo-bluc may be obtained 
from a variety of plants, which, though belonging to the most 
different genera and orders, are rather limited in number. It 
has sometimes been observed to form in the milk of cows, espe- 
cially such as have been fed exclusively on samtioinf. Latterly 
it has been clis{ overed by HassallJ and others§ in immanurme, 
where its occurrence is attributed to a morbid state of the system. 
It is therefore a substance which is tot intMl sjjaringly nuloed, but 
in widely distant pai'ts of the orciamc w orld. The properties of 
indigo-biae^ which are so peculiar as almost to separate it from ail 

♦ ¥tf3m the Memoirs of the Literary and Philosophical Society of Man- 
diester, vol. xii. ; read April 3, 1855. 
t Annales de Chimie et de Physique, vol. iii, p,.269« 

X Philosopliirjil Transactions for 1854. 

§ Ann. der Chem. urid Pharm. vol. xc. p. 120, 

FhU. Mag. S. 4. Vol. 10. No. 64. Aug. 1855. 6 
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other organic bodies^ and to constitute it one sui generis, naturally 
suggest the inquiry^ in what form it is contained in the plants ana 
aiumals from which it is derived. If it exists ready formed in the 
indigo-bearing planie^ how il it that though, when in a free state^ 
insoluble in water, acids, alkalies^ alcohol, and most simple men- 
straa, it should so easily be extracted from those plants by a mm 
infusion with cold water ? If it does not pre-exist in the plant, in 
what state of combination is it cimtained dieimik tnd what is 
the nature of the process by which it is eliminated J The usual 
method of preparing indigo from the Indigo/era consists in steep- 
ing the plants especially the leaves^ in vrater, drawing off the 
infusion, allowing it to undergo fermentation, and then precipi- 
tating by means of agitation with air and the addition of hme- 
water. Now it may be asked, is this process of fermentation, 
which is often very tedious and difficult to manage, essential to 
the formation of indigo-blue, or is it merely an accidental phsB- 
nomenon attending its preparatioa ? If it is easential, at what 
stage of the nmess is the mrmation of the colouring matter to 
be considerea as completed ; and is it necessary, as some persona 
assert, to continue it until actual putre&ction has commenced^ 
or not ? These are points, which, though perhups of little con- 
sequence to the dyer and consumer of indigo, are of great interest 
ill ft chemical point of view, and are of the greatest importance 
to the manufacture of indigo. To the latter it must surely be 
extremely desirable to know the exact nature of the process on 
which his manufacture depends, and to ascertain whether thb 
process yields into his hands the whole quantity of the product 
which the material employed is capable of yielding, and also 
whether the manner oi conducting it is in perfect accordance 
with theoretical requirements. If, however, we consult the authors 
who have written on this subject, and the diemists who have endea- 
voured to elucidate it, we shall obtain very unsatisfactory teplies 
to our inquiries. The views entertained on these different points 
are either mere surmises, or they are conclusions founded on a 
limited number of frequently imperfect experiments. The chief 
cause of our ignorance on these questions is, probably, that the 
process of manufacturing indigo is one carried on, not in the 
more highly civilised regions, but in remote parts of the world ; 
and wc arc consequently obliged to lely for our knowledge con- 
cerning it chiefly on the accounts of travellers, who are usually 
possessed of merely general information, or of the manufacturers 
themselves, who are far from competent to give an opinion on a 
complex drgano-chemical process. 

Fourcroy, according to Robiquet, considered the fDrmation of 
indigo-blue to be a result <tf tiie process of feimentatton em- 
ployed in its preparation. 
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Rotbargh; who i» the etrliest authority I have had an q)por- 
ttinity of oonniltuig on this subject^ itates that his predeoetfor, 
De Cossigny^ whose work on th« mannfaeture of indigo^ pub- 
lished in the Mauritius^ is very rare, was of opinion that volatile 
alkali was the agent by which the colouring matter was extracted 
from the plant and held in solution until volatilieed by the agi- 
tation process. Roxburgh, who, like De Cossigny, was one of 
the few possessing special chemical information who hare ex- 
amined the process of manufacturing indigo from the Indigofera 
on the spot, concluded, from his experiments, that the indigo 
plants contain only the base of the colour, which is naturally 
green ; that much carbonic acid is disengaged during its extri- 
cation from the leaves; that the carbonic acid is the agent 
whereby it is probably extracted and kept dissolved ; that am- 
monia is not formed durin:]^ the process; that the use of alkalies 
is to destroy the attraction between the base and the carbonic 
acid; and that the vegetable base being thereby set at liberty, 
combines with some coloiirinp: })rineiple from the atmosphere, 
forming therewith a coloured insoluble fecula, which falls to the 
bottom and constitutes mdigo*/'' Roxbur^di first directed atten- 
tion to tne fact, that it is possible to obtain indip:o bv merely 
treating the p];iiit with hot water, and then a^itatmtr the infu- 
sion with air, from which it follows that fermentation is not an 
absolutely essential condition of the formation of indiij:o-blue. 

Chevreulf, who was the tirist chemist of any cnunence who 
examined the indigo-bearing plant.-j and their constituents, in- 
ferred from his analyses of the ha lis iuirtoria and Jtidigofera 
anil, that these plants contain indigo m the white or reduced 
state, in the same state in which it exists in the indigo vat ; that 
in this state it is held in solution by the veiretable jnicos ; and 
that wlien this solution is removed from the plant, it is converted 
by the action of the atmospheric oxygen into indigo-blue. The 
authority of so distinguished an investigator as Chevreul has had 
great weight with chemists, and most persons have adopted his 
view without question, though it is founded chiefly on the fact 
of the colouring matter being deposited from a watery i xtract of 
the plant, and of the only form in which it is known to be soluble 
in water being that of reduced indigo. 

According to Michelotti J, the extraction of indigo consists 
simply in dissolving a compound of malic acid aud mdigo^ which 
is afterwardjj decomposed by the precipitants employed. 

A few years after the appearance of Chevreul's memoirs^ 
Giobert^ Professor of Chemistry at Turin^ published a work on 

* Transactioiui of the Society of Arts, vol. xxviii. 

t Ann. de Chhv. s^r. 1. vol. Ixri, p. 6; Td« Ixriii. p« d84« 

I Journal de Fhyiique, Aviil 1612. 
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"Woad*, wliich ciumciates ideas on tliis subject far more nearly 
approaching the truth than those either of his predt ccssors or 
successors on the same field of investigatiou . The chief conclu- 
sions at which he arrived, partly by e\])( t iinent and partly by 
reasoning, are contained in the following propositions: — 1. Indigo- 
blue does not pre-exist in the plant, but is formed by the opera- 
tions by means of which we believe it to be extracted. 2, There 
exists in a small number of plants a peculiar principle, different 
from all the known proximate coubtitucjits of plarit^^ and which 
has a tendency to bf; converted into iiuliiio ; i\m principle may 
be called indiyoyme, 3. This principle difters from indigo in 
containing an excess of carbon, of which it loses a portion in 
passing into the state of indigo-blue, by means of a small 
quantity of oxygen w^hich it takes up. 4. The loys of this por- 
tion of carbon is caused by the latter undergoing combustion, 
and being converted into carbonic acid. 6. It differs in its pro- 
perties from common indigo in being colourless, in being soluble 
in water, and by its greater combustibility, w^hich causes it to 
undergo spontaneous combustion at the ordinary temj)eruture of 
the atmosphere. 6. Its combustibility is enhanced by heat and 
by combination wiih alkalies, especially lime; it is diniiuisbed 
by the action of all acids, even carbonic acid. 

About the year 1839, the Polygonum iinctorium, an indigo- 
bearing plant indigenous to China, became the subject of a series 
of investigations by several French chemists, chiefly in order to 
ascertain whether this plant, if grown in France, could be advan- 
tageously employed for the preparation of a dye to substitute 
foreign indigo, so as to obviate the necessity of paying such 
large sums to foreign nations for this article, a necessity which 
seems at all times to have been a subject for extreme regret in 
France. Baudrimont and Pelletier, after an examination of this 
plant, concurred in the opinion of Chevrcul, that the indigo is 
contained in it as reduced indigo ; and the latter adiluced lu 
support of this view an experuiieiit, which consisted in treating 
fresh leaves of the Polygonum aether, taking care to exclude 
the air, until the ^rcen colour Imd clianged to white, when, on 
exposure to the atmosphere, tlicy speedily became blue, liobi- 
quetf, ColinJ, Turpin§, and Joly |1, on the other hand, expressed 

* Traite sur h Pastel ct V Extract ion de son Indigo. Paris, 1813. 

t Journal de PharimdCy vol. xxv. p. 62. 

X M^min smr la Rentm^ des Tmnturiers. Paris, 1839. 

§ Etudetmicroscopiques sur le gisement de la matierebleue dans lesfeuilles 
da Polygouum tmctorium^ MAoire ht d rAcadhm des Seknces k 12 
Novemore, 1838. 

II Observations g4n6rales sur les plantes qui ^euvent/oumir des coulevrs 
hhwii^latektun, HontpdU^, 1839. 
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a very deeidcd conviction that indigo-blue pre-exists in the Po/y- 
gnnum tinctorium, but not in a free state; that it is combined 
with some organic substance or substances, which render it 
soluble m water, aether and alcohol ; and that it requires the 
operation of potent agencies in order to destroy this combination 
and set the iiuligo at liberty. Osmin Hcrvey*, in a meinoir on 
the Polygonum tinctorium, which in some parts is rather obscui'e, 
inferred from his experiments: — 1. That indigotine exists in 
the leaves of this plant in a state of combination with a resin. 
2. That this natural compound of indigo and resin contains both 
white indigo and blue indigo, and of the latter a larger propor- 
tion the older the leaves are. 3. That by tlic influence of cer- 
taui organic subs^taiices, the mtligo-blue is again reduced to the 
colourless state, if the solutiun be effected by means of water, 
without any destruction of the natural coui|jouiici taking place. 
Girardin and Preisserf again returned to Chevreurs view, that 
the colouring matter is contained in the leaves of this plant in 
the form of reduced indigo. Since the publication of these trea- 
tises^ no new ideas have^ as &r as I know^ been promulgated by 
chemists in reference to this sabjectt- 

It will be seen that the opinions of the chemists ^hich I have 
jnst shortly renewed are of three kinds^ and may be stated as 
follows Indigo-blue exists ready formed in the plants from 
which it is derived. 3. It is contained in these plants in the 
form of reduced indigo. 8. It does not pre-exist in the vege- 
table^ but is formed subsequently to the extraction of the latter 
by means of a process of fermentation^ a process which manifests 
itself by the evolution of gases of various kinds. To each of these 
views very strong objections maybe raised* If the colouring matter 
is formed at once in the plants it is difficult to conceive by what 
means it comes to be dissolved by water, for no oombiiiation of 
indigo-blue with any organic substance can be produced which 
is soluble in water. If to this it be objected, that a compound 
of this nature is produced by the plant, and cannot after decom* 
position be reproduced, then it is at once admitted that indigo- 

* Journal de Pharmaeie, vol. xm. p. 290. f Ibid. p. 344. 

X I cannot refrain from exprcssinj^ on tlie present occasion my repT-et, 
which is probably shared by many others, at the want of a general chemical 
bibliography, comprising references to all the known works> treatiseSj^pers, 
&e. on enemical subjects writtisn since the oommenfienieiit of the modem 
a^ra in chemistry. In searcfaing for the authorities referred to in this paper, 
I have felt this want vcrj'" sensibly. It is with some (lifhcuUy that the 
mere names of all the works and memoirs relating to any special braneli of 
the science, particularly such as have fallen into obhvion, are discovered. 
The only attempt to supply this deficiency* and tbat only in r^sard to one 
department of cnenustnr, IS WolfrsQtteffeiMt^tfrdrfiir der Orgamk^en ChemAe^ 
HalU^ 1845. 
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blue 18 not contained as nuch within the vegetable. That it 
Cannot exist as reduced mdigo evident, since the latter requires 
the presence of some alkali for its feoiution in w ater, and the 
juice of most, if not all, indigo-bearing plants is acid. It m 
difficult, moreover, to conceive how deoxidized indigo, a body 
having bo great an affinity for oxygen, can exist in the interior 
of pUuats which we know aro constantly evolving that element. 
That the cdouziag matter ia foniMd by the process of fermenta* 
tioii to whioh the eztraet of the plant ia aubjeoted, as it ia the • 
oldeat» ao it ia the most piobahle view. Nevertheless, the fact 
that indigo may he proeiiied from planta by mere inftiaion with 
hot water and preeipitation with lime-water, wi<Aioiit any of the 
usual signs of fermentation being numifeated, appears to militate 
a^ialnst this view. On one point all authorities seem to agree^ 
via. that the contact with oxygen ia a neeeasary oondition of the 
formation^ or at least precipitation of the indigo ftom the watery 

Such being the atate of our knowledge on thia lather obaeuro 
department S ohemieal seienee^ I reaolvedp tiiough without anti«* 
cipating any very decided success, to endeavour to throw a little 
more light on it. I was induced to do so chiefly by the following 
eonsideration. The principal vegetable colouring mattera have 
now been diacovered to be not diieet products of tiie vital enei^ 
^of plants^ but products of decomposition of subatanoeaeontained 
in the vegetable, which are themselvea mostly colonrlesa. The 
formation of these colouring matters takes place equally well out 
of the plant as within it. Indeed, it is probable that it never 
happens within the plant until decay has commenoed« or at leaat 
until the vital energy has begun to decline. The proeessea of 
decompositi^ by which colouring matters are formed from other 
substances are of two kinds. The first consists in the absorption 
of (ttygm and the elimination of hydrogen in the form of water; 
it ia a process of decay ( Verwesung, Liebig), and requires the 
presence, not only of oxygen, but of some alkali or other baae* 
The second process is one which consists in the splitting up of 
the original compound into two or more simpler bodies, of which 
one or more are colouring matters j it is a process of fermenta- 
tion, and may in general be effected as well by the action of 
stiTtiiLT aridy as by tliat of ferments. The first process gives rise 
to colouring matters of a very fugitive nature, such as the colour- 
in^'' matters of lo^rwood ana archil. Indcrd, in this case the 
colouring matter, if thia name be applied merely to substanoea 

. * Geblen is the only chemist who, as far as I am aware, has asserted that 
die agitation with air in the manufintiin of indigo may have for its object^ 
not ao much the oxidation as the aggregation or separation of the particles 
of indigo from the solution. Ktde Schweigger's Journal, voL vi. 1812, 
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endowed with a striking and positive colour, is only one of a 
long cliain of bodies succeedinisr one another, and is generally 
not the last product of dccoi]i|>ositiou. The other process, of 
which the formation of alizarine is an exani])le, yields colouring 
matters of a tixed and stable cliaracter, which are not further 
chanired by a continuance of the process to which they owe their 
formation. Now if indigo-blue be a body which is formed from 
some colourless substance existing in the plant, we should infer 
a priori that the process by which it is formed is one of fermen- 
tation or putrefaction, not rcqmring the intervention of oxygen 
or of alkalies; a conclusion, liowever^ so much at variance with 
tlie generally received ideas on the subject of the formation of 
mdigo-blue, as to require the aid of very decisive experimenti 
for its establishment. 

I shall now proceed to give an account of the experiments 
which I have undertaken with a view to elucidate this subject. 

The only plant cultivated lu this country which is known to 
yield mdigo in any quantity is woad, Jmtis tinctoria; and as it 
was necessary to examine the indigo-bearing plant in a fresh 
state and in considerable quantities, I had recourse to this one 
for the purpose. Having procured 10 lbs. of good French woad 
seed, I sowed it at the commencement of the spring of last year 
on about half an aere of land. It was 90wn in dr^^la about two 
feet apart, each drill being previously wdl supplied with farm* 
yard manure. In a short time tlie young planit appeared, and 
giBW vigmmuly during ih» niramn montlia. Boms oi the plautt 
bm flowers, and ripened ikeir leedi in Hie ooone of ^ ftutumnj 
- At no time dimQ|p the wlude progreis of tiie grawth wsm 
tiievo-any vinUe indieationa of the pmoiee of Uoe oolonring 
metter on the leaves or items. Some of the ripe leedi only 
me tinged with a dark purple eobur, Ibrming e thin eoeting 
on the flsterior. The greater proportion of the plaata, however^ 
hore loaves whieh did not eiMbit the ghraeom appeamnee nor 
the fieahy coniiiteneyi whieh, aeoording to anthora, are eharae- 
teriatie of the enltivated variety of woad. Th^ were, on the 
eontrary, of a bright grass-green, and pomeied bat little waaea^ 
' knoB-H^uaaeteri which bek)ng rather to the wild variety* 

Aa looii aa I eonld eoUeet a email quantity of leavea, I eom* 
menoed my experimenta. Hiring taJc^n aome leavea, I diopped 
them frift and Aen qtraeted them with bmling water. Thofiltmi 
hqmd was light brown and tranqiarent, it had a bitter taate and 
an acid reaetion. It depoiited no indigo-blue, however Ipng it 
might be 1^ exposed to the atmoaphere, and hence it might 
have been inferred that it contained no indigo^blue. Neverthe* 
less, a very simple esperime&t sufficed to show that it was capable 
of yieldiiigeoeppveisubkqiiiwtityitf th^tiK^^ On 
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adding to it sulphuric or muriatic acid and boiling, it became of 
a darker colour, aud deposited a quantity of dark brown, almost 
black flocks. Now these flocks contained indigo-bluc ; for if 
after coUecting them on a filter and washing out the acid^ they 
were treated with boiling alcohol^ they communicated to the 
latter a bright blue cc^oar ; and on being treated with a boiling 
alkaUne solation of protoxide of tiD^ they gave a yellow solution, 
wbidi on exposure to the air became covered with a thin blue 
film. A small quantity of finely-chopped woad leaves having 
been pounded in a mortar with water until converted into a 
nniform green pulp, yielded on being strained through calico a 
dark green opake liquor. On heating this liquor to near the 
boiling-point, the vegetable albumen contained in it coagulated, 
can-ying down with it the green colouring matter. On now 
filtering through paper, a green coagulum was left on the filter, 
while a dear light yellow liquid ran through . On adding acetate 
of lead to the liquid, a yellow precipitate fell ; and on again filter- 
ing, the liquid ran through almost colourless. The lead preci- 
pitate being decomposed with dilute sulphuric acid, the filtered 
acid liquid was boiled, when it gave a few black flocks, which, 
however, contained no indigo-bluc*. If, however, sidphuric or 
muriatic acid in excess were added to the liquid filtered from the 
lead precipitate, the liquid soon became green, and began to 
deposit indigo-blue even before it could be filtered from the sul- 
phate or chloride of lead, and after filtration and boiling it yielded 
flocks containing an abundance of the colouring matter. If acetate 
of lead was added to an extract of woad leaves made either with 
hot or cold water, if the precipitate thereby produced was sepa- 
rated by filtration and ammonia was added to the filtrate, a pale 
yellow precipitate fell. This precipitate having been decomposed 
with sulphuric acid, the filtered acid liquid gave on boiling flocks 
containing indigo-bluc, while the flocks obtained in a similar 
manner by boilinp: with acid the liquid filtered from this preci- 
pitate i^avc no ind]c;o-bluc. Tf this lead precipitate was treated 
with a cold coneent rated solution of carbonate of soda, a a ellow 
aolution was obtained, which on being tried, as before, with sul- 
phuric acid, afforded no indigo-blue ; whilst the precipitate, on 
being treated with acid, gave indigo-bluc as before. But if the 
lead precipitate was suspended in water, and a current of car* 
bonic acid gas was passed for sonic time through the liquid, it 
Was completely decomposed : its colour changed from yellow to 
white, and it now coiDsisted almo;>t entirely of carbonate of lead, 
whilst the liquid had acquired a yellowish colbur, and on being 
boiled with acid, deposited a quantity of blue flocks, which con- 

* If the acetate of is in the least degree rontaminate<l with basic 
iMsetatey it will be iouod to precipitate some of the indigo>producuig boidy* 
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sisted of mdigo-l)liie in a state of great purity, as they dissolved 
in boilmg alcohol with a beautiful blue colour, the alcohol depo- 
sitmLC on coolins]: crystalline scales, which were blue bv trans- 
mittfd, and cop pci- coloured by reflected lijjcht. If, instead of 
adding acid to any of the solutions yielding indigo-blue, caustic 
soda was lirst added in excess and the solution was left for a few 
moments, and then boiled with an excess of acid, it merely 
became brown without depositing any indigo-blue. Having 
taken some finely-chopped woad leaves, I pounded them in a 
mortar with cokl alcohol. On filtering, I obtained a clear green 
solution^ It a\iiig on evaporation at a gentle heat a green syrup, 
froui which, on the addition of water, a quantity of chlorophyll 
and fatty matter separated in drops. The watery solution, which 
after filtration had only a yellowish tinge, on being boil^ with 
the addition of sulphuric acid, deposited a quantity of pur])le 
flocks, which were treated^ after filtration and washing with 
water, with successiTe portions of boiling aleohol. The first 
portions of the alcohol with which they were treated acquired a 
beautiful purple colour, and the last portions a pure blne^ each 
portion depositing, on standing, some flocks of a nne blue colour. 
The green mass insoluble in water contained no indigo-blue* 
Having carefully dried a few woad leavesi I reduced them to 
powder and then treated them in a bottle with cold aether. I 
obtained a dark green solution^ which after being filtered and 
eva|N>rated^ spontaneously left a green syrupy residue, from 
which water extracted, as in the preceding case, a substance 
which, by the action of boiling sulphuric acid], yielded an abun- 
dance of very pure indigo-blue. 

By these and similar simple and easily-performed experiments, 
I was enabled to infer, with positive certainty, that the Tsatis 
imetoria contains a substance easily soluble in hot and cold 
water, alcohol and tether, which, by the action of strong mineral 
adds, yields indigo-blue ; that the formation of the colouring 
• matter from it can be effected without the intervention of oxygen 
or of alkalies ; and that the latter, indeed, if allowed to act on it 
before the application of acid, entirely prevent the formation of 
colouring matter, and it now only remained to separate it from 
the other constituents of the plant and ascertain its properties 
and composition. But, though I arrived at the conclusion just 
stated without any great difficulty, I found that the isolation 
and preparation, in a state of purity, of the siAstance whose 
existence had been indicated by these experiments, constituted a 
problem of no easy solution. I soon discovered that this body 
is extremely liable to decomjiosition ; so much so, as completely 
to justify the assertion of ru author, who, lu speaking of the 
difficulties of the manufacture of indigo, says that nothing is 
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more fagitivey and more liable to be acted on by deatrnetm 
agenoie8» tban the oolouving principle of the Indkfofim*/* Ilie 
CQntinned action of water^ even at a moderate, hat eanectallT at 
a high temperature, as well as that of aUcaliosj I firand to mdiioa 
a complete change in the body which I was endeavouring to 
isolate. The &ot of its being completely precipitated from the 
watery extract of woad by means of acetate of lead and ammonii^ 
and of the lead compound being readily decomposed by nseans 
of a current of carbonic acid gas^ seemeo at first to lead to an 
easy method of preparation. But on extracting a large quantity 
of the plant with cold water, adding sugar of lead to precipitate 
the albumen and green colouring matter, and then adding am^ 
monia to the filtered liquid, I found that the precipitate produced 
by ammonia^ though the alkali was not used in excess, contained 
the substance in an altered state. This change, the nature of 
which I shall treat of presently, is readily mdicated by boilmg 
some solution ot tiie substance m water with sulphuric or muri- 
atic acid, w'hen it will be found that black flocks arc deposited, 
whicii, when treated with boiling alcohol, impart to the latter uo 
trace of blue, but a pure browii colour, a great part of the flocks 
remaining undissolved by the alcohol in the shape of a black 
powder. This change is readily cfi'ected in the watery Solution, 
cither by tlic addition of alkali, or by the temperaLure of the 
solution rising to any great extent above that of the atmosphere. 
When dissolved in alcohol or cether, on the other hand, the sub* 
stance exhibits a much greater lesistance to change than wb^ 
dissolved in water. I Aevefm mm. abandoned aU idea of eoi* 
tractmg the plant with the latteir menstruum, and had rsoonrso 
to alcohol and isther. I shall reiirain ftom giying an aeeount of 
the numerous experiments I made^ which led to no successful 
issue, but shall briefly deseribe the thm methods of preparation^ 
which were attended with more or less advantageous results. 

All three methods consist in e3rtracting with alcohol or eether. 
But, before commencing, it is necessary that the plant should 
be thoroughly dried. The leaves alone being gathered, whieh 
should only be done when not moistened with rain or dew, are 
^vead out in a thin layer in w>me warm, dry plaost, as, for in^ 
stance, near a stove or in a drying-room. All yellow or decayed 
leaves should be rejected. When they are perfectly dry they are 
carefully exaniincd. All those leaves which during the dr^'ing 
have become brown — a result which takes place when the heat 
has been too great, — are cast aside, and only those are retained 
which have a paie green colour. These must now be reduced to 
a coarse powder, an operation easily eflecied if the leaves be taken 
while still warm, as they are then quite brittle i wher^ if 
* FenotUt, Art <ie I'ltuUgotier, p. 110, 
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allowed to remain exposed to the atiiK)Sf)here they attract moist- 
ure again, and become iiaccid uiid difficult to pulveme. The 
powder must be kept warm until it is used. 

I. The leaves thus reduced to powder, being put in a displace- 
ment apparatus^ such as is used for the preparation of tannic 
md, aie eictraeted with oold akohol. The perookting tiqnid it 
darii green. The eitrictioii is oontinued until the liquid ranB 
through of a light green colour. The alcoholic extract is now 
distilled in a retort, until a ^ceat part of the alcdiol has passed 
Offer ; it is then evaporated in a basin at a moderate temperature* 
During evaporation, a large quantity of chlorophyll and fatty 
matter separates as a green glutinous mass, which ia to be sepa» 
rated by filtration. The filtered liquid, which is browuj is to be 
further eFaponted until it leaves a thick brown syrup. This 
syrup, being poured into a flask, is redissolved in warm alcohol, 
which it does with some difficulty, on account of the change 
which the substance has undergone in consequence of the heat 
employed in distilling the alcohol. To the warm solution there 
is now added several times its volume of sether. The aether 
renders the sohition milky, and precipitates a large quantity of 
matter, which collects at the hottom of the i\mk into a dark 
brown syrup. After this syrup has completely settled, the retlier, 
which is also dark brown, is distilled. When the greatest part 
has distilled over, \vater is added to the syrupy residue. A 
quantity of brown fatty matter la precipitated, whieli is filtered. 
The filtered liquid is light yellow, and contains the substance 
almost in a state of purity. Should a further purification, liow- 
ever, be necessary, this is best elfected by agitating the liquid in 
the cold \Mth bydrated oxide of copper. A green solution is 
obtamed, which is filtered, and a current of sulphuretted hy- 
drogen gas being passed through it, it is again filtered fioiii the 
precipitated sulphuret of copper^ and evaporated either sponta* 
neously or m wum over sulphuric acid. This method is attended 
with considerable loss, as uio whole of the brown syrup insoluble 
in »ther> the quantity of wUeh is not trifling, is formed at the 
eipense oi the indigo-producing body* 

IL The second method consists in simply extracting the 
pounded woad leaves widi atiher in a displacement apparatus, 
distilling the greatest part of the sether^ evaporating the remain- 
ing green liquid at a moderate temperaturej adding a little cold 
w^er to the (^rupy residue, sepavatmg the insoluble chlorophyll 
and other matters by filtration and evaporating the yellow liquid 
as before, either spontaneously in the air or m rnwuo. If puri* 
fication should be necessary, it is efiEiected, as in the preceding 
ease^ by means of oxide of copper. I endeavoured to modify 
ibia method by agitating the letheiial extiact with cold water# 
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but without any advantage resulting, as tlic substance was not 
entirely removed from the sether by means of water, a consider- 
able quantity still remaining dissolved in the sether. 
- III. The pounded woad leayes are extracted in a displacement 
apparatus, as before^ with cold alcohol. To the green alcoholic ex- 
tract there is added an alcoholic solution of acetate of lead, which 
produces a pale green predpitate^thc prccipitattonbeing then oom- 
plet cd by the addition of a little ammonia. The precipitate, whidi 
is bulky^ is placed on a filter and washed with cold alawol, until the 
percolating liquid instead of being dark green is only light green, 
and the excess of acetate of lead and ammonia have been removed. 
It is then suspended in water, and a current of carbonic acid gas 
is passed through the liquid. The precipitate gradually becomes 
paler in colour and at last almost whitCj and loses considerably - 
in bulk, while the liquid acquires a ydlow colour. The latter 
being filtered, sulphuretted hydrogen is passed through it to 
precipitate a little oxide of lead contained in it, and being again 
filtered is evaporated as before, either in the air or m vacuo over 
sulphuric acid. 

Of these three methods 1 prefer the last, as bciriLr more expe- 
ditious than the first and less costly than the second. One pre- 
caution must not be forgotten, that of never in the last instance 
attempting to evaporate the solution at a higher temperature 
than the ordinary one. If the attempt be made, the substance 
will undergo an entire change, as 1 have repeatedly discu\ i Lcd 
to my cost. This change consists in the substance taking up 
the elements of water. It takes place as well in vacuo as m the 
air. 1 have no reason to believe that the oxygen of the atmo- 
sphere has any influence in producing decomposition, at least at 
the usual temperature ; and though I have generally in the last 
instance evaporated in vacuo, I thuik the evaporation may just 
as well be conducted in the air. Notwithstanding all precau- 
tions, however, it is difficult to avoid some portion of the sub- 
stance becoming changed during evi^ration. 

The body, the preparation of which I have just described, I 
propose to caQ Indkm*, By evaporation of its watery solution, 
it is obtained in the form of a yellow, transparent, glutinous 
residue, which can only be rendered dry by spreading it out in 

* As the termination an has not yet been applied by chemists to desig- 
nate any peculiar class of bodies, I i^ropose to restrict it to the ntunea of 
tach snhstaaees of a complex constitution, like rubian, as are direct pro* 
duct"^ of the %nta! eiierfrv of ] :l;ints or animals, by their drcom- 

position «;ive rise to one or more series of organic compounds of n sim{)ltr 
constitution. In applying it, it will of course be necessary carefully to 
ascertain that the suDstance to be named is really a proximate constituent 
of some oi^amsm, and not itself the result of any process of decomposition 
cither withm or out of the ocganism— 4hat it is aii eduet and not aproduct. 
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thin layers, aiul leaving it for some time in vacuo over sulphuric 
acid. Oii attempting to dry it in the water-bath, it immediately 
undergoes a complete alteration. Its taste is slightly bitter and 
nauseous. Its soluiicms haye always an acid reaction^ but 
whether this reaction ispeeoliar to it in an absolutely pure state« 
I am unable to say. mien heated in a tube it swells up, and 
gives fumes whidi eondense to a brown oily sublimate, in which| 
after some time, a white crystalline substance is formed. When 
boiled widi caustic alkali it evolves ammonia. Its compounds 
have a yellow colour. With caustic alkalies^ baryta, ana lime* 
water, uie watery solution turns of a bright yellow. The alco* 
holic solution gives with sugar of lead a bright sulphur-yellow 
preeipitatei which is increased by the addition of ammonia. The 
wate^ solution gives no precipitate with acetate of lead until 
ammonia is also added. Its most remarkable and interesting 
property is that of yielding indigo-blue when treated with strong % 
adds. If sulphuric or muriatic acid be added to its wateiy sola* 
tion, no change whatever is perceptible for some time ; but on 
heating to near the boiling-point, the solution immediately be- 
comes sky-blue. On boiling for a short time, the solution becomes 
opalescent. On continuing to boil, it acquires a jmrplc eolour, 
and then, provided the solution is tolerably concentrated, a 
copious deposit consisting of dark purplish-blue flocks is formed. 
The liquid filtered from these flocks retains a yellow colour, and 
contains a peculiar species of sugar, to which I shall return i)re- * 
sently. The fllocks themselves do not consist of indigo-blue 
only. xVfter bdng collected on a filter and washed with water, 
they appear of a dark purple colour, the filter also acquiring 
during washing a purple tinge. If they be now treated witii 
alcohol, a part dissolves even m the cold, but to a greater extent 
on heating, the alcohol acquiring a beautiful purple colour. If 
the Hocks remaining undissolved be treated after filtration with 
an additional quantity of boiling alcohol, the latter acquires a 
more bluish tinge. Each succeeding portion of alcohol with 
which the flocks are boiled acquires more and more .of a blue 
colour^ until at last the colour is a pit^e indigo-blue. There 
remains in general a large quantity of indigo-blue undissolved^ 
and the alcoholic liquids, on standings deposit the colouring 
matter contained in them in the shape of bright blue flocks. 
. The purple alcoholic solution leaves, on evaporation, a reddish* 
brown residue, which bears the greatest resemblance to, if it is 
not identical with, the indigo-red of Berzelius. Like the latter 
substance, it is quite insoluble in caustic alkalies and gives, when 
heated in a tube^ purple fumes and a small quantity of a white 
erystalline sublimate. I propose to call this substance Itudmt* 
Jtme^ I iiave f^und that it is invariably formed along with 
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indigo-bliie wlieiiever mdican is decomposed by acids. Never- 
theless, the quantity of indigo-blue produced is always relatively 
larger when the indican is pure than when the latter has begun 
to dM&fle« Of the two colouring matterft^ tiie indi^bhie ii 
always tha firtt to be formed. If mlphnric or mniiatie acid be 
added to a aolutioii of indican in the cold^ and the mirtnre be 
allowed to itand in the cold for aome time^ a alight precipitate 
ia gradually dmsoaited which conriita almost entiraiy of iniUgo- 
btei It ia only after boiling for some time that the formation 
of indirubine commences, when the colour of the liquid chan^ 
from blue to purple. The constant occurrence of a red colounng 
matter both in indigo and in the indigo^bearing plants along 
with indigo-blue-— a fact which has been repeatetuy observed,—^ 
has led chemists to suspect that there must be some necessary con- 
nexion between the two. From the experiments just described^ 
it follows that, in the case of woad at least, they are both pro- 
ducts of decomposition of one substance. If nitric acid be added 
to a watery solution of indican, a slight deposit of indigo-blue is 
formed^ which of course disappears immediately on heating the 
liquid. 

There is another very remarkable property of mdican which I 
have to describe, a property, the knowledge of which will pro- 
bably throw great light on the process of manufacturing indigo, 
if irulicau in the form of syrup, as obtained by evaporation of 
the wateiy solution, be heated for some time in the water-bath, 
or if its watery solution be boiled, or even moderately heated, it 
undergoes a complete metamorphosis. If the solution be now 
evaporated, it leaves a yellow syrupy residue, not to be distin- 
guished in appearance from mdican itself. It will be iound, 
howevei j to have become insoluble in aether, and not easily soluble 
in alcohol. If lether be added to its solution in alcohol, the 
aolution becomes milky^ and deposits oily drops which eollecfc at 
Hie boltQai4rf the mael to a yellow or brown syrup, the un* 
changed indican, if there be any present^ remaining <tisBolved in 
the i^er. In ita other outward properties it baa not undergone 
any marked change. In the next stage of the jproocsa the in- 
dinm acquires a brown cokna, and becomea qvute inaduble in ^ 
cold abmol i but it still dissolves^ though with difficulty, in 
boiUng alcohol. By continuing the process the aubsiuiee 
aoquirea a dark brown colour, and its watery solution now nvea 
a oopioua precipitate with acetate of lead. As soon as the indican 
baa entered even on the first stage of this process of change, it 
ceases to give the least trace ot indigo-blue with acids. A short 
period occurs at the commencement of the procesSy during which 
tlie watery adiution, when boiled with sulphuric acid, deposits 
fnfA» floeica oonaiating of indirubine only. Aftmards^ bow<* 



ever, it yields oilier products, which are always the sainc at every 
subsequent stage of the process. If the watery solution be then 
boiled with the addition of fiulphiiric or murittie acid, it becomes 
in iSb» tel instniee of a darker oolouri and after ocmaidieraUji 
boflmg> ^^H*^^ alowly • ouantity of dark browuj^ almost blaek 
flocki. Tbe limiid iSlterea from theae flocks contains sugar^ jusi 
as in ike case ok indican itsdf . Tke flocks themselves seneiiUy 
consist of two bodies. If iJiqr be collected on t fllter^'Washed 
witk water^ and then tieated with boiling alco]iol» a part dissolves 
with a brown colour; and after flltrrtion and evaporation, is kll 
u a dark brown, shining, resinoos substance. This substanoa 
melts in boiling water into brown coherent masses. It is oom<- 
pletely disstdvad and decomposed by boiling nitric acid. It 
dissolves in ammonia with a brown colour, and the solution * 
gives brown precipitates with the chlorides of barium and caU 
cium. It is completely precipitated from its alcoholic solution 
by sugar of lead, the precipitate being brown. I propose to call 
this body Tndiretine. That portion of the dark brown flocks 
which is insoluble in boiling alcohol, dissolves in cmistic alkalies 
with a dark brown colour, and is precipitated by acids m black 
flocks. As It bears some resemblance m its outward })ropcrtie8 
to humus, I shall call it Indihumine. Its similarity to the ludigo- 
brown of Berzelius is so great, as almost to lead me to sus])cct 
that it is the same body. Whether this is the case or not cau 
only be ascertained by analysis. Sometimes the brown substance 
forriu»d by the action of acids on uiodilied indican is entirely 
soluble in boiling alcohol, and contains no indihumine, but under 
what conditions this takes place 1 am nnable to say. The change 
winch iiidicau undergoes during this process consists merely in 
its absorbing the elements of water, it proceeds in vacuo as 
well as in the air^ provided the temperature be raised to a certain 
degree^ which proves that oxygen plays no part- in the process. 
It is apparenthr effi^eted instantly wbni indican comes into con- 
tact witn alkalies in its watery solution^ though Uie alcoholic 
solution may be made alkalinoi with ammonia at least, without 
any alteration taking place* It is certainly a most remarkable 
drcumstance^ that by merely taking up the eksments of waterj 
indican should be converted into a sulMtance, which^ when ex« 
posed to the action of aeids> yields no longer indigo-blue and its 
allied red colouring ]natter> out bodies of an entirely distinct 
nature whidi have none of the properties of colonring matters | 
and it goes &r to prove that indigo-blue does not pre-exist in 
indican even as a copula, but is merely contained in it poten« 
tially. That the view I have taken of this metamorphosis is Ae 
correct one^ is proved hj a singular observation which I once 
aseidsnlaUy macks. Having on one oceas|on obtained a dilati 
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Bolation of indican, I tried a small quantity of it by boiling witli 
sulphuric acid, and ascertained that it gave indigo-blue and indi* 
rubine ; but on heating the whole quantity to the boiling-point 
with acid, I obtained instead of these two bodies, a substance 
dissolving in alcohol with a brown colour. It was evident that 
the indican, in consequence probably of the solution being very 
dilute, had taken up the elements of water before the add could 
act on it, and that the latter then gave rise to the products of 
decomposition peculiar to the hydrate. In ironeral, however, the 
nature of the Hocks which are deposited on boilinir a watery 
solution of indicati with sulphuric or muriatic acid, attbrds n very 
good test of the purity of tlie iiidicau. A solution is boiled in 
a test-tube partly lilled, and the flocks which are formed collected 
on a filter, washed with water, and then treated with successive 
portions of boiling ah rthol until no more will dissolve. If to the 
first ])ortio!is ol alcohol a purple colour be imparted, and a fine 
purpiisJi-blue to the succeeding ones, then the indican may be 
considered pure. If the colour of the alcohol is brown, and if 
black flocks are left undissolved, tlic substance has uiidcrgonc a 
complete change. 

. The sugar which is formed when acids act either on indican 
or its hydrates^ is obtained in a state of purity in the following 
manner. If sulphuric acid be employed, which is preferable to 
muriatic, the add liquid is filtered from the flocks consisting of 
indigo-blue and other products of decomposition, and the acid 
is removed by means of an excess of acetate of lead* If to the 
liquid filtered from the sulphate of lead an excess of ammonia is 
added, the sugar is predpitated in combination with oxide of 
lead. The predpitate, which is usually yellow and bulky, is, 
after washing, decomposed with sulphuretted hydrogen, and 
from the liquid filtered from the sulphuret of lead the sugar is 
again predpitated with acetate of lead and ammonia* The 
second precipitate, which is usually almost white, is again de- 
composed with sulphuretted hydrogen, and the filtered liquid is 
evaporated over sulphuric acid, when it leaves a colourless or 
only slicrlitly yellow syrup, which has the following jjro])crties. 
It lias a iciiiitJy sweet taste. When heated it swells up, emitting 
the usual sm^jll of burning sugar, and then burns leaving much 
charcoal. With concentrated sulphuric acid it strikes a dark 
red colour, which on heatiug becomes black. Boiling nitric acid 
decomposes it with an evolution of nitrous fumes. When its 
watery solution is boiled with caustic soda, it becomes yellow 
and deposits a few brown flocks. With sulphate ot' cupper and 
caustic soda it erivtjs a blue solution, which on boiling becomes 
yellow, an d then LlL'|)usit:s suboxide of copper. If nitrate of silver 
be added tu its wulcry solution while boding, a little metallic 
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silver is precipitated ; and when ammonia is added^ a further 
reduction takes place, accompanied by the formation of a metnllic 
mirror. On adding chloride of gold to the watery solution and 
boiling, a quantity of metallic gold is deposited ni bright scales 
and spangles; and on adilmg caustic alkali to the filtered solu- 
tion, an additional quantity of gold ia precipitated as a purple 
powder. The watery 5?olution gives no precipitates either with 
neutral of basic acetate of lend,- — only on adding ammonia does 
auy precipitation take place. It is soluble iu alcohol, but not 
in aether. In its outward properties, therefore, this sugar does 
not differ in any marked degree from other kuids of sugar ob- 
tained by the decomposition of complex organic bodies, sucli as 
that derived from rubian. In its composition, however, it differs 
e&^eutially from other species of sugar^ a^ I shall presently 
show. 

I have hithevto been unable, I regret to say, to aaeoriain tht 
eiact eompoiition of indioaQ by direct eneriment. On aoeo<ant 
of ite deHqneMeat aatuWy md ite so vesdOy undergoing diange 
when heated, it was impossible to subjeot it to anatysis in a ftim 
st^toy and I was theramre obliged to have veoouise to the lead 
eomponnd. Bat when this eompound is precipitated ftom a 
watery solution by means of acetate of lead and ammonia, it no 
knger eontains nnehanged indican, but one of the bodies Ibnned 
by the eonibination of the latter with water* It is jteoessar^, 
however, to use water in some stage of the preparation i for ii 
the lead compound be precipitated firom an alooholie eitraet of 
woad with acetate of lead and ammonia, if the precipitate be 
decomposed, after washing with alcohol, by suspending it in 
alcohol and passing a stream of carbonic acid through the liquid, 
and the substance be again precipitated from the filtered liquid 
by means of acetate of lead and ammonia, the lead compound 
thus formed will be found to contain, besides indican, a quantity 
of fatty matter, from which the indican can only be separated by 
means of water, and its analysis leads, as I have ascertainod, to 
no satisfactory results. It i«? therefore neces3ai*y to evaporate a 
watery solution of mdican spontaneously, to dissolve the residue 
in alcohol, and precipitate with acetate of lead and ammonia, 
taking care to leave a slight excess of mdican in solution. The 
following analysis was made with a speeinu u of the lead com- 
pound preparoi in thu manner, the mdican itself haviog l^fien 
oJ»taiaed by the third method described above. 

I. 1*4340 grm. of the compound, dried in vacuo and burnt 
with oxide of copper and chlorate of potash, gave 0*9600 grm. 
carbonic acid and 0 2860 water. 

1*2170 grm. §^ve 0*i7Ui> grm. chloride of platinum and am« 
ttQuittm* 
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0*3790 grm. gave 0*3080 grm. sulphate of lead. 
These numbers lead to the foUowmg composition 



Carbon . , 
Hydrogen 
Nitrogen . 
Oxygen , , 
Oxide of lead 



Eqs. 




Calculated. 


Found. 


62 


312 


18-67 


18*25 


35 


35 


2-09 


2*21 


1 


14 


0*83 


0-87 


88 


304 


18*23 


18-88 


9 


1005*8 


6018 


59*79 




1670-3 


100-00 


100 00 



Notwithstanding the care, howeTer, which I took in the pre* 
paration of this specimen, I found that it did not contain nn« 
changed indican, as a little of it when tested with sulphnric acid 
gave no indigo-blue. It is^ nevertheless, the purest specimen of 
the lead compound which I have analysed ; that is to say^ the 
substance combined with the oxide of jead contained the least 
amount of hydrogen and oxygen. 

The next analysis which I shall give^ places in a striking light 
the effect which alkalies exert on indican. I took some of th& 
same solution of indican which I had employed for the preceding 
analysis^ and which I found to give, when a little of it was boiled 
with acid, very pure indigo-blue ; but instead of evaporating it, 
I added a large quantity of alcohol to it, and then precipitated 
with acetate of lead and ammonia. The precipitate no lonp-or 
contained unchanged indican, and the substance combined with 
the oxide of lead differed in composition from that of the pre- 
ceding analysis by containing the elements of two equivalents 
more of water. The third analysis was performed with a lead 
compound made in the same way as that of the first analysis, 
but from a specimen of indican prepared by the first method. 
The composition I found to be exactly the same as that of the 
compound of the second analysis. 

II. 1*0960 grm. dried m vacuo and burnt with oxide of copper 
and chlorate of potash, gave 0*7060 grm. carbonic add and 

0-2020 water. 

1*5600 grm. gave 0*1880 grm. chloride of platinum and am- 
monium . 

0 8930 grm. gave 0*7520 grm. sulphate of lead. 

III. 1-1000 grm. gave 0*7135 grm. carbonic acid and 0*2060 
water. 

1*8850 grm. gave 0*2260 grm. chloride of platmum and 

ammomum. 

0*5710 grm. gave 0*4770 grm. sulphate of lead. 

From the^ numbers I deduced the foUowin^; composition 
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Eqs. 




Calculated. 


II. 


III. 


Carbon . . 52 


312 


17-33 


17-56 


17-69 


Hydroo-en . 37 


37 








Nitro;^^en « 1 


14 


0-77 


0-75 


0-77 


Oxvi^en . . 40 


320 


17-80 


17-69 


1801 


Oxide of lead 10 


1117 


.6205 


61-90 


61-46 




1800 


10000 


100-00 


10000 



After deducting the cuude of lead^ the amount of which is 
imiunuiUy large for a roni pound of definite constitution, the 
or^ic sabfitance combined with it has the following eompo* 
sition 

Carbon • 
Hydrogen 
Nitrogen 
Oxygen . 



Eqs. 




CaJenhted. 


II. 


m. 


. 52 


312 


45*68 


46-16 


46*90 


. 87 


37 


5-41 


5-36 


6-37 


. 1 


74 


2-Oi 


1-97 


1-99 


. 40 


320 


46*87 


46*51 


46-74 




683 


100 00 


10000 


10000 



An analysis which I made of a lead compound, prepared 
directly from a watery extract of woad by precipitating with 
acetate of lead, filteringi and then adding ammonia to the filtered 
liquid, gave u composition agreeing pretty well with ^e formula 
C*H«N0«+18PM). 

It appears^ therefore^ that the organic substanees contamed in 
these lead compounds cUffer from one another merel) by the ele- 
ments of water ; and it may hence be inferred, with a great degree 
(^probability, that indican itself in a state of purity differs in com- 
position from them merely by containing the elements of several 
equivalents of water less. Assuming its composition to be repre- 
sented by the formula C^* H^ NO^, it must be shown how this 
formula explains the formation of indigo-blue. Before this can 
be done, however^ it is necessary to know the composition of the 
sugar which is always formed simultaneously with the indigo- 
blue. The lead compound of the sugar, prepared as above de- 
scribed, and dried m vacuo, was analysed with the following 
results : — 

L 1*0580 gi-m., burnt with chromate of lead, gave 0*4550 
grm. carbonic aeid and 0 1670 water. 

0*7620 grm. gave 0-7490 grm. sulphate of lead. 

II. 1-0960 grm., after being dried in vacuo for some time 
longer, gave 0-4740 grm. carbonic acid and 0-1640 water. 

0-6420 grm. gave 0*6370 grm. sulphate of lead. 

These numbers lead to the foUowmg composition 

H2 
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Carbon . . 
Hydrogen < 
Oxygen . . 
0^4? of le«4 



Eqs. 




Calculated. 




IT. 


1^ 


72 


11-69 


11-72 . 


11-79 


9 


9 


1-46 


1-75 


1-66 


11 


88 


14-30 


14-21 


13-53 


4 


446*8 




f2-32 






615*8 


100*00 


100*00 


100-00 



If the formula of the lead compound is C^* H» 0*^ +4PbO, it 
is probable that the sugar in an uncomhined state baa the for- 
mvh O^'H^^O^^ It differs, therefore, fnm otiier kmdt of 
sugar b^ contsming less hydrogjen than is neeesssry to form 
water with the oxygen. Its formiala is^ however^ perfectly in 
accordance wilJi the one which I have adopted for indican, vis. 

fl** NO*, if we riuppose the latter to t^ke up two equiva- 
lei^^ <kf watei^ it ynXL ik&fk simply split up into 1 equiyalent of 
indigo-blue an4 9 equivipients of sugar, as irill be ne^ by the 
fb])Q7|ng eqn^iion 

1 eq. indican C« H«NO^\ _ rCWH»NOP 1 eq. indigo-blue. 

2 eqs. water H«_0*^ / \C« H» 0« 3 eqs. sugar. 

I assume that the composition of the blue colouring matter 
derived &om indican is the same as that of indigo-blue^ since an 
examination of the properties of the former leaves little doubt 
concerning their identity. I regret not having as yet been able 

to ascertain by analysis whether this is the case or tiot, as I have 
devoted the whole of the material at my disposal to an investi- 
gation of the prnpcrtics and composition of niclican itself. 

I also assume tliat imiican, in undergomg decoiii])()sition with 
acids^ splits up immediately into 1 equivalent oi indigo-blue and 
8 equivalents of sugar. It is, however, possible that these tlii ee 
equivalents of sugar may not be eliminated all at once ; and 
from one analysis which I made, I should conclude that they 
separated successively. Having extracted some dried vvoad. leaves 
with cold aether, I poured the jetherial extract into a large bottle 
find agitated it with about half its volume of cold water. The 
aether was poured ufl^ and the watery liquid was employ I'd again 
for agitation with several successive portions of setherial extvact 
of woad. It acquired at last a dark yellow colour. The sether 
contained in it was removed hy spontaneous evaporation^ and it 
was then evaporated under a l»ell over suhiburic sad. At finjt 
it yielded indigo-bine when boile4 witli snfpkuria a^d ; bnt the 
evaporation having been condnetdl in toa warn a tdace, the in- 
dican contained in it became ehanged^ andi ^ ceasea to giveUw 
flocks with acids. After the evajtoration was completed there 
was left a bnown syrupy r^aidiu^ wUeh waa radiftsolYW in tkoibol. 
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Acetate of lead produced in the alcoholic solution a cream- 
tibldared precipitate^ which wiia separated by filtration ; and on 
adding a small quantity ot ammonia to the filtered liquid^ a 
ertom-colonred precipitate again felli whidl was coIlelBted on a 
filter^ irashed with alcohol, and dried m imeuo* Oh analysmg 
it I obtaitied the following results 

0*8705 grm.^ bnmt with oxide of copper and chlorate of pbt- 
ash, gave 0*8670 grm. carbonic add and 0*0780 water. 

0*8800 ghn. gave 0*0680 grm. diloride of plattnnm and «m- 
moDiiim. 

0*2680 grm. gave 0*2160 grm. sulphate of toad. 
In 100 parts it contained^ thereforej— 

Carboii 19*68 

Hydrogen !J*18 

Nitrogen 1*12 

Oxygen 17*75 

Oxide of lead 59 30 

10000 

After deducting the oxide of lead^ the amount of which stands 
in 110 simple relation to that oltheotl^ar constituentsi the organic 
.substance combined with the oxide of .lead will oe tbund tol^Lve 
a composition expressed by the fdirmula H^NOI% as will be 
seen b|r the following calculation : — 

£qs. . Cale)ili»ted. Fpund. 

Qarbon .... 40 240 48*89 48*28 

Hydrogen ... 26 26 6*24 5*85 

Nitrogen ... 1 14 2*82 .2*75 

Oxygen .... 27 216 43*56 43-62 

496 100*00 100*00 

This body is therefore formed ftom indican by the latter taking 
up 3 equivaicat^ of \vatcr and then losing 1 equivalent of sugar, 
as will be evident from the following equation 

1 eq. indican H^^ NQse \_fC^ N0«7 
• 3 eqs. water H« J \Ci« H^" 1 eq. sugar. 

it is perfectly conceivable that an additional equivalent of 
sugar may separate from the body C'*° H'-^^ NO^'' before the de- 
composition is finally completed ; fhnt is to sav, that there eyista 
another intrrmediatc body contaiiiing- 28 equivalents of carbon. 

Of the red colouring matter, which 1 have called indirubine^ 
I have not yet obtained a sufficient quantity for analysis. 

I have sevTral times submitted indihumiue, obtained on diifer- 
ent occasions, to analysis, but without being able to arrive at 
any positive conclusion regarding its composition. The difficulty 
of doing so arises from the circumstance of this substance form- 
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ing compavndB with alkalies and other bases whieh are not com- 
pletely decomposed by adds. Tke analyses which I have made 
agree best with the formtda G^^ NO^. If this be the correct 
formula, it differs in composition from indigo-blue by the ele* 
ments of three equivalents of water^ just as tiiie body or bodies 
from which it is formed differ from iodican by containing the 
elements of several equivalents more water. 

The analyses of indiretine led to more definite results* The 
.substance was prepared from indican, which had undevgonc the 
alteration of which I have several times spoken, by treating it 
with boiling sulphuric acid, collecting the dark brown deposit 
which was formed on a filter, washing out the acid, treating with 
boiling alcohol, filtering from the indihnmine which remained 
undissolved, and evaporating the alcoholic solution to dryness. 

I. 0*4 120 grm., dried in the water-bath and burnt with oxide 
of copper and chlorate of potash^ gave 0*9U30 grm. carbonic acid 
and 0-2100 water. 

0*5470 grm. gave 0*3415 grm. chloride of platinum and am* 
monium. 

II. 0 5370 grm, of another preparation gave 1*2130 grm. 
carbonic acid and 0*26 75 water. 

0-8780 grm. gave 0*4320 grm. chloride of platinum and am- 
monium. 

III. 0*2760 grm. of a third preparation gave 0*6190 grm. 
carbonic add and 0*1420 water. 

These nnmbers correspond with the following compodtion t— 

III. 

Carbon . 86 216 61*02 61-27 61-60 61-16 



Nitrogim 
Oxygen 





Eqs. 


Calculated. 


I, 


IL 


86 


216 


6102 


61-27 


61-60 


20 


20 


5-64 


6-27 


5*58 


1 


14 


8-95 


8*92 


8-09 


18 


104 


29-80 


29-64 


29-78 




354 


100-00 


100*00 


100*00 



5-71 



Assuming C^H'^^NO^^ to be. the correct formula for indire- 
tine, then the forniauon of this subt^taacc from indican, or rather 
from its hydrates^ can only be explained by supposing that car- 
bonic add is CTclrcd during the process. If we take^ for instance, 
the substence represrated by the formula G^H^NC*^^ which 
gives indiretine when treated with adds, we may suppose it to 
split up into 1 eqniTalent of indiretine, 1 equivalent of sugar, 4 
equivalents of carbonic add, and 7 equivalents of water, as will 
be seen by the following equation :-** 

rC»H»NO" 1 eq. indiretine* 

gqg^ carbonic add. 
L IS? 7 eqs. water. 
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I have certainly not observed the disengagement of carbonic 
acid during the formation of indiretine^ but the evolution of gas 
might eaaily elude observation during the long-continued boilmg 
which is necessary for the production of this substance. 

The want of material haa for the present interrupted the 
further prosecution of my experiments. As soon as I shall have 
obtained an additional quantity of the fresh plant, it is my intcn« 
tion to coutinuc them. The action of acids on indican requires 
still further examination, and the efft^et*: produced by ferments 
and otb( r agents remain to be investigated. I also propose to 
examine other indigo -bearing plants, in order to ascertain whether 
they contain indican or not. 

The result s of tlie present liivestigation may be summed up in 
the following ])ropo.sitiuns : — 

1. The Jsatis timioiia docs not contain indigo-blue ready 
formed, either in the blue or colourless state. 

2. The formation of the blue colouring matter in watery ex- 
tracts of the plant is neither caused nor promoted by the action 
of oxygen or of alkalies. 

3. Indigo-blue cannot be said to exist in any state of combi- 
nation in the juices of the plant ; it is merely contained in thw 
potentially. 

XI, On the alleged Fluorescence of a solution of P latino -cyanide 
of Potassium, By Professor G. G. Stokes, F,R,S, 

To the Editora of the Fhiltmphical Magazine and Journal, 
Gentlemen, 

I was surprised, some time since, by reading in Poggendorff^s 
Annalen the statement of Dr. Bottger, which has since been 
republished in the Philosophical Magazine, that a solution of 
platino-cyanide of potassium is highly fluorescent. My own 
observations had led me to the conclusion, that " it is only in 
the solid state that the platino-cyanides are sensitive, — their solu- 
tions look like mere water*.'' In consequence of Dr. Eottgei*'s 
statement, I have just examined again a solution of platinn- 
cyanidc of potassium, with the advantage of bright sunshine and 
a complete quartz train; aud so far from its being eminently 
fluorescent, I find it to be not fluorescent at all. It is useless to 
conjecture the cause of the discrepancy, whieii will probably be 
cleared up in time ; my only object in writing is to prevent the 
spread of an erroneous statement. 

I am. Gentlemen, 

Your faithful Servant, 

Pembroke College, Cambridge, G. G. Stokes. 

July 5, 1855. 

* Phil. Tnms. 1853, p. 396. 
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XIL On the pmotT 6/ Icthergs to make rectilinear, Uniformly^ 
Oreeted Oriam aerm n Submarine Vndubtt&rff Sut/ace, By 
C. Daewin, Esq., Viee^Pm, It,8^ F.GP.flf.* 

HAVING been induced to believe, with many geologists, 
that certain continuously scored and polished surfaces of 
rock ^v(M-e due to icebergs, and not to giaeitTs, I have neverthe- 
less always felt much difficulty in understanding liuvv longj rec- 
tilinear scratches, running in one given direction across an w/i- 
dulatory surface, could h;i\ e been thus formed. Others have 
felt this same clitticalty, and it has been advanced as an insuper- 
able diiiicLilty by the opponents of iceberg action* The following 
considerations, though poissessing little or no novelty, have in 
my own case removed the difficulty. But firsts to give one in- 
•tanee of Bueh ietatcbeB, I may quote a passage from Agassizf^ 
who, in deacribing the state of the aurfaoe near Lake Sapertoff 
Bays, ''nothing is more atriking in this respeet than the ?al- 
lejra or depreaiiona of the aoQ running £. and W,/ wliere we 
aee the scratches croaaing aueh undulatiana at right angles, 
descending along the aonthem gentb slope of a \an, tr^kTeraing 
the flat bottom below, and rising up the next hill south in un- 
broken continuity.^ He proceeds to state that the scratchea 
run up even steep northern slopes, though the southern faces of 
the hills are generally rugged. A glacier driven straight for- 
wards over its Unequal bed would perfectly account for th^se 
facts ; but not so, at first appearance^ floating ice, whether that 
of coast-ice or of ieebergs. For such Inassea being bonid along 
on the level ocean, would, when driven on shore or against a 
submarine hill, be deflected, as it might be thought^ from their 
course, and mark the rocl^s horizontally or nearly so, — sonle 
allowance being made for the rise and fall of tlie tide. And 
althou^li (larinp^ either the snbiiier^^cnce or eiiiert^euce of the 
land, the whole surface of a mountain nught become thus marked, 
yet the successive scores at ea(!h Icvt I would all be nearly hori- 
zontal. No doubt short inclined grooves might be formed 
by masses of ice being driven by gales up the beach j but as 
sea- shores run in every possible direction, it is obvious that 
such grooves could follow no uniform course, nor could they be 
of any considerable length ; hence grooves thus made would not 
be comparable with those now uiidcr discussion. 

The plasticity of glaciers, as shown by the manner in which 
the^ immediateiY expand after passing uirough gorges, and in 
which they mould themsdTea to every sinuosity and prominence 
in their Ma,* is now, thanks to the laboura of a few eminent 
.meni fiBoniliarly known to every geologtst» It vt asse r te d by 

* Commiiuicated by the Author. 

t Lake Superior, it« Physical Gii&r&cter, &c., by L. Agassiz, p. 406. 



Digitized by Google 



some authors that glacier ice is most plastic when most charg^ed 
with water, and the lower part of an iceberg must be water-logged. 
Agaiii^ a glacier, for instance of 1000 feet iu thickness, must 
press Oil its bed with the whole immense weight of the super- 
incumbent ice; but in an iceberg 1000 feet thick, as the whole 
floats^ there will of course be no pressure on a 8ui1ace exactly 
level ^vith its bottom, and if driven over ;i prominence staiidiug 
up at the bottom of the sea some oO or 1(X) feet above the basal 
line of the berg, only the weight of aa much ice as is forced up 
above the natarai level of the floating mass, will presft on tiie 
prominence. It maj tbereforej I think, be condndra that an ice- 
oerg eonld be drivoi o?er great inegnalitiea of am&ce eaiier thn 
eould a glacier. That the weight of a oomparatirely ifaia abeet of 
ke is suAciefat to groove rocka^ -we may infer from the caae de* 
^bed hj 8ir C. L) ell of the scQrea maae hj the peeked iAara-to» 
on the eoast of the United Statto. That icebergs do not break ixp 
when gronnded, as dprtort might have seemed probable^ is ob^ 
vious from the simple fact of their having been often observed 
in this condition in open turbdlent seas. Let anjolie who baa 
^tnessed thd erash of even so small an object as a ship^ when 
run into by another having only a barely perceptible movement^ 
refleet on the terrific momentum of an iceberg, sbme mile or two 
equate, and from 1000 to 2000 feet in thickness^ wheui borne 
onwards by a current of only half a mile per hoUr, it runs on a 
submarine bank : may we not feel almost certain, that, moulding 
itself like a crlacicr (of which it originally wa?^ a portion), but 
owing to its watei'-loprccd state and little downward pressure 
moulding itsell more perfectly than a glacier, it \\ ould slide straight 
onwards over considerable inequalities, scratching and grooving 
the undulatory surface m long, straight lines ? In short, if in out 
mmd's eye we look at an iceberg, not as a rigid body (as has 
hitherto been always my case) wliich would be deflected or broken 
iip when driven against any submarine obstacle, but as a huge 
semi-viscid, or at least flexible mass floating on the water, T be- 
hove much of the cliliieulty will be removed ithich some have 
experienced in uiidersLandmg how rectilinear grooves could be 
formed continuously running, as if regaidless of the outline of 
' the siirfac^ up and down moderately steep inequalities, now ex- 
isting as fiiOs on the land. It shoiucl he Dome in taind thai the 
4S6tir8e of 4iee})ly-floating icet>erg8 is detehniiied by the currents 
df the seaj and not, as riemarked by Sooresby, by the shifting 
Grinds ; and as the currents of the seit fire well known to be defi- 
nite in their course^ so will be the grooves formed by current- 
hom^ iceberg. It is indeed difficult to imagine any difference 
between the t/SSbd on the underlying surfat»i of a glacier pro- 
pelled by ita gravity^ and that of a mquntalnOaa ishnnd of ito 
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di'ivcn onwards hy an oceanic current, except that the iceberg 
would perhaps hnvc tlic power, from the canses above specified, 
of even more dost ly moulding itself, and, as it were, of flomng 
straight over submarine obstacles^ than has a glacier on' the dry 
land. 

One other point is perluips worth considering. I have else- 
where* endeavoured to show that the action of coast-ice ami of 
icebergs must be considerably different m transporting boulders ; 
the worn stones on the beach being imbedded in coast-ice, and 
fragments of rock which had originally fallen on the parent- 
glacier being carried by icebergs aa on raits. But when we 
reflect that icebergs are diiven onwards year after jearin certain 
definite directions by the currents of the sea, — ^that they float so 
deeply as to have been seen aground nt the depth of 1500 feet,-» 
that when stranded thev must (as I conceive) mould themselves to 
the inequalities of the bottom and slide some distance over it|» 
it can hardly be doubted that they also must, like gjaeiers on 
the land, push in certain determinate direetions moraines before 
them. Although a fiiigment of ixMik or an iiTegularly formed 
moraine may by any one iceberg be propelled for only a very short 
distance, yet in the course of years the transportal can hardly 
fail to become far extended, the bouldei's being rolled over large 
inequalities of surface, and even up heights by the action of suc- 
cessively smaller beicga: an abyss, however, deeper than the 
deepest-floating iceberg would, of course, absolutely stop this 
roUmg or pushmg action. Finally, in the ease of every mass of 
erratic boulders, we have now to determine, and I believe here- 
after it will be so determined, whether they were transported by 
glaciers or by floating ice, and in this latter case whether im- 
bedded ill coast-ice, strewed on the surfftcc of icebergs, or pushed 
onwards as a subaqueous moraine. 



XIII. On Electric Co7iduction» 
By Professor Fakaday, D.C.L., F,R.S,f 

SING£ the time when the law of definite electrolytic action 
was first laid down (Exp. Res. 783-966), it has become a, 
question whether those bodies which form the class of electrolytes 
conduct only whilst they are undergoing their proper change 
under the action of the electric current ; or whether they can 
conduct also as metals, dry wood, spermaceti, &c., do in different 

* Transactioas of the Geoloncal Society, vol. vL (2ad series) 1S41. 
p. 430. 

t ¥nm. the Fjrooeediiigs of ^ Royal Instkotixm of Great Britain, for 
nidfty,May25,1865, 
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degrees, ?. e. without the accum])aniiiient of any chemical ciiange 
within them. The first kind of couduction is distinguished as 
the electrolytic^ the transference of the electric force appearing 
to be essentidly associated with the chemical changes which 
occur ; the second kind may be caUed eondudion proper, and 
fheve the act of conduction leaves the body ultimately as it found 
it* Electrolytic conduction is closely associated witii the liijuid 
etatCj and with the compound nature and chemical proportions 
of the bodies in whidi it occurs^ and it is considered as varying 
in degree (i. e, in facility) with the affinities of the constituents 
belonging to these homes; there are, however, otiier dream- 
stances which evidently, and indeed very strongly, aflect the 
readiness of transfer, such as temperature^ the presence of ex- 
traneous matters, &c* Conduction proper differs as to facility 
by degrees so iar apart^ that that quantity of electricity which 
could pass through a hundred miles of one substance, as copper, 
in an inappreciably small portion of time, would require ages to 
be transmitted through the like length of another substance, as 
shell-lac ; and yet the copper with its similars offers resistance 
to conduction, and the lac and its congeners conduct. 

The progress and necessities of science have rendered it im- 
portant within the last three or four years, and especially at the 
present moment, that the question whether an electrolyte has 
any degree of conduction proper''' should be closely considered, 
and the experiments which are fitted to probe the question have 
been carried to a Tery hiirh degree of refinement. Buff*, by 
employing the e lectric machine and Wollaston terminals^ i, e. pla- 
tinum wires sealed mto glass tubes, and having the ends only 
exposed, has decomposed water by a quantity of electricity so 
small that it required lour hours to collect gas enough to fill a 
little cylinder only one-tenth of au inch in diameter, and one- 
fifth of an inch in length ; yet the decompositiou was electrolytic 
and polar, and therefore the conduction was electrolytic also. 
When one pol(^ only was in the water and the other in the air 
over it, still the decomposition, and thcrciore the conduction, 
was electrolytic; for one element appeared at the pole m the 
water, and the other in the air or gas over the water at the cor- 
responding pob. Buff concludes that electrolytes have no con- 
duction proper. Many other philosophm have supported, with 
more or less conviction, the same view, and believe that electro- 
lytic conduction extends to, and indndes cases which formerly 
were supposed to depend upon conduction proper. Soret ad- 
vances certain experimental resultsf, but reserves his opmion 
ftom being absolute. Yon Breda and Logeman adopt the more 

* ICS. letter. t Jaaafef <fe CMme, xlii. 
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genml view imreierredlir'^- De la Bire, I thinks admiti that 
a very little may perhaps pass hy condaction propoTi bat that elec- 
trolytic conduction is the function of electrolytes f* Matteucci has 
at one time admitted a little condoction proper^ but at present^ 

I believe, denies that any degree exists. On the other hand^ 
t)edpretd}, Leon Foucault§, Masson ||, and myself, have always 
lultnitted the possibility that electrolytes possess a certain amonnt 
of conduction proper — small indeed, but not so small as to pre- 
vent its being evident in certain ftnrms of experiments; and 
beautiful and close as the electrolytic proofs have been carried, 
they are not by us considered as sufficient to show that the 
function of conduction proper is altogether absent ^om electro- 
lytes. 

[Some account was then given of the experiments and argu- 
ments on both sides; and of the striking electrolytic fact, that 
if a -current of electricity, however small, is sent tluoiigh a 
circuit containing a com pie of platina plates in dilute sulphuric 
acid, the plates are found thereby electrically polai'izcd.] 

The inquiry as regards electrolytes takes on three forms. 
They may possess a degree of conduction proper at all times ; 
or they may be absolutely destitute of conduction proper; or 
they may possess coiiduction proper up to a certain condition, 
governed either by requisite intensity for electrolyzation, or by 
other circumstcuices, but which> when that condition is acquired, 
lltaiiges into eleetrolytie conduction : knd these three forms may 
be fiviher varied by constderatioiis dependent upon the physicd 
etMe of .the deetrolvte, as whether it be solid or liquid, hbt or 
cbldj and whether it oe ^ure or contain other substances mingled 
Wit|l it; 

. From the time when the question was raised 1^ myself^ twenty 
yeard agOi to the present dayj I have fbund it necessary to tos- 

pend my conclusions; for close as the facts have in certain cases 
been urged by those who believe they have always obtained de- 
omnpdsition results when an electrolyte has perrormed the part 
of a conductor, and fi'eely as I could have admitted the facts and 
the conclusions if there had been no opposing eonsiderations, 
-still, because there are such considerations, I am obliged to 
reserve my judgement. In the first place, all bodies not electro^ 
lytic, even up to gases (Becqiicrel), arc admitted to possess con- 
duction proper ; d priori, therefore, we have reason to expect 
that electrolytes will possess it also. If from amongst different 

♦ Phil. Mag. viii. 466. t BtW- de Geniue, xxvi. 134, 144 j xxvii. 1/7. 
X Comptes Rendm, xxxviii. 897, 

§ Comptes Rendu8, xxxvii. 580; or nibL 'de Ge»^, xziV. 263; Of. 
180; xxvi. 12(;. 

II Prize £««ay, Hnrkm Tims. xi. 7.8. 
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bodies we retain for eonsideration the class of electrolytes only, 
then, though the amount of electricity of a given intensity which 
these can transmit electrolytically whrn thoy are fluid is often 
almost infinitely greater timn that which they can convey on- 
wards by conduction propir when they are solid, still the con- 
duction iQ the latter cases is very evident. A piece of perfectly 
dry solid nitre, and of many other electrolytes, discharges a gold- 
leaf eh ctrometer very freely, and I believe by the ])i)wer of con- 
duction proper ; and that being the case, I do not see that the 
assiuiiptiou of the verj' highest condition of electrolytic conduc- 
tiuu when the nitre is rendered tiuid is any argument for the 
absolute disappearance of the conduction pro])er which belonged 
to the body in the solid state, though it may override tlui ktter 
for the time, uiul make it insensible. These considerations aic, 
however, such as ai ise rather from the absence of the final and 
strict proof on the oppubilc; side, than from anything very posi- 
tive in their own character ; but it has occurred to me that the 
phsBupmena of static electricity will furnish us with many reatona 
of a positive nature ui favour of the possession by liquid elaetro* 
lytea of tbe power of eamduetion proper. Some of tkew 1 wiU 
fOldeavoiur briefly to state^ iUustiating the aabjept by a refereaoa 
to wateTj wliich in its pure atate haa dqI a low degree of el^etro* 
lytic condootion. 

The ordinary phaenomena of statie charge and indnetion ana 
wd) known* If an excited §^asa rod or other body be beld near 
a li^ht gilt aphere, anspeuded from the hand by a metal threadj 
the mduetive action diaturba the diapoaition of the electricity in 
the aphere» and the latter is strongly attracted jf if in place of 
the sphere a soap bubble be employed^ the tame results occur. 
If a dish filled with pure distilled water be connected with the 
earth by a piece of moist bibulous paper, and a ball of excited 
aheU-lac be suspended 2 or 3 inches above the middle of th^ 
water,<and if a plate of dry insulating gutta-percha, about inahce 
long and 2 inches wide^ have its end interposed between the 
water and the shell-lac, it may then be withdrawn and examinedi 
and will be found without charge, even though it may have 
touched the shell-lac ; but if the end once touch the water under 
the lac (and it may be dipped in) so as to bniiix away a film of 
it, charged with the electricity the water has accjuired by the 
iji duct ion, it will be found to possess, as might be expected, a 
state contrary to that of the inductric shell-lac. 

In order to exclude any conducting body but water from what 
may be considered as a reference experiment, two calico globular 
bags With close seams were prepared, and being wetted thoroughly 
with distilled water, w ere then filled with air by means of a fine 
)^l^w|)i|)e £Oiuy the^ yifere attach^, to two s^s^v^iU^u^ 
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bands of gutta-percha^ by wbich they were well insulated, and 
being about 3 inches diameter, the^ formed, when placed in con- 
tact, a double ^tem 6 incbea in length. A metallic ball^ 
about 4 inches in diameter, was connected with the electrie 
machine to form an inductric body^ an uninsulated brass plate 
was placed about 9 inches off to form an inducteous body ; be- 
tween these the associated water balls could be placed so as to 
take part in the induction, and when the electric charge was so 
low that the moist atmosphere can^^pd no transmission of elec- 
tricity, the balls could be introduced into position and brought 
awny without having received any pcnnciuciit charge. Under 
these circumstances, if the associated baiis were brought into the 
place of induction, were then separated, withdrawn and exa- 
mined, they were found, the one charged positively and the 
other negatively, by electricity derived from themselves, and 
without cuuductive or convective communication with any other 
substance than their own water. 

It is well known indeed that by the use of water we may 
replace metal lu all electro-static arrangements, and ao form 
Ley den jars, condensers, and other induction apparatus, which 
are perfect in principle though with imperfect action. The 

Srinciples are the same wh^her wat^ or metids be used for con- 
nctors^ and the function of eonduction is essential to all the 
results; therefore conduction cannot be denied to the fluid 
water^ which in all such cases is acting as the only conductor. 
In nature, indeed, the phsenomena of induction, rising up to 
their most intense degree in the thunder-storm, are almost, if 
not altogether, dependent upon the waiter which in the earth, or 
the clouds, or the rain, is then acting by its conducting power; 
and if this conducting power be of the nature of condueHon 
proper, it is probable that that function is as large and as im* 
portant as any exercise of the electrolytic conduction of water in 
other natural phsenomena. 

But it may be said that all these cases, when accompanied by 
conduction, involve a corresponding and proportionate electro- 
lytic effect, and arc therefore cases of electrolytic cnndurtion ; 
and it is the following out of such a thouprht tliat makes me 
think the results prove a conduction proper to exist in the water, 
for suppose a water bubble to be placed midway between a posi- 




f 

tiye and a negative surface^ as in the figure, then the parts at 
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and about p will becouie charged positive^ and those at and about 
n negative, solely by the disturbance of the electric force origin- 
ally in the bubble, i. e, without any direct transmission of the 
electric force from N or P ; the parts at e or q will have no elec- 
tric charge, and from those parts to p and u the charge will rise 
gradually to a maximum. The electricity which appears at p, 
and elsewhere, will have been conducted to these parts from other 
parts of the bubble ; and if the bubble be replaced b^ two hemi- 
apherea of metal^ dightly separated at the equatorial parts eq, 
the deetriieity (before mmuM in the contumoaB babble) will 
then be seen to paaa as a Inri^t spark. Now the particles at 
any part of the water bubble may be considered under two points 
of view, either as having had a current passed through them^ or 
as having received a diarge ; in either view the idea of conduc- 
tion proper supplies sufficient and sattsfoctory reasons for the 
results; out the idea of electrolytic conduction seems to me at 
present beset with difficulties. For consider the particles about , 
the equator eq, — ^they acquire no final charge, and they have con-' 
ducted, as the action of the two half spheres above referred to 
show; and th^ are not in a state of mutual tension, as is fully 
proved by very simple experiments with the half hemispheres. 
Therefore oxygen must have passed from e towards n, hydrogen 
from e towards p, t. e. towards and to the parts to which the 
electricity has been conducted, for without such transmission of 
the anions and cations there would ])c no transmission of the 
electricity, and so no electrolytic conduction. But then the 
questions arise, — Where do these elenients appear ? is the water 
at n oxygenated, and that about p hydrogenated ? and may the 
elements be at last dispersed into the air at these two points, as 
in the case of decompositions against air poles ? (Exp. Res. 455, 
461, &c.) In regard to such questions other considerations 
occur respecting the particles about p and n, and the condition 
of charge they liavc acquired. Tliese have received the elec- 
tricity which has passed as a current through the equatorial 
parts, but they have had no current or no proportional current 
through thenuelves— the conduction has extended to them but 
not tkratfffh them ; no electricity has passed for instance through 
the particle at n or at p, yet more Jectricity lias gone b^ some 
kind of conduction to tiiem than to any other of the partides in 
the sphere. It is not consistent with our understandmg of dec* 
trolytic conduction to suppose that these particles have been 
charged by such conduction ; for in the exercise of that function 
it is just as essential that the electricity should leave the decom- 
posing partide on the one side^ as that it should ffo to it on the 
other : the mere escape of oxygen and hydrogen into the air is 
not enough to account for the result, for sudi escape may be 
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fseely permitted in the eaie of electrodes plunged i|ito walievi 
and y^t if the electricity cannot peas from the d^mposing per- 
tielee ii^tQ the electrodes^ and so away by the wires, in a condi- 
tion enabling it to perform its full equivalent of electric work 
, anywhere dae in the circuit, there ii no decompoaiti(m at the 
final particles of the electrolyte, nor any electrolytic conduction ^ 
in its mass. Even in the air cases above referred to, there is a 
complete transmission of the electricity aeroaa the eitreme pa^r 
tides concerned m tlic electrolysis. 

If the above reasoning involve no error, but be considered 
sufficient to show that the paiticlea ai p and 71 arc not electro- 
lyzed, then it is also sufficient to prove that none of the particles 
between p and n have been eiectrolyied j for though one at e or 
q may have had a current of electricity pas«ied through it, it 
could not give up ity dements unless tiie ueigliljonring particles 
were prepared to take tliera in a fully equivalent degree. To 
stop the electrolysis at 11 and p, or at those parts of the suriace 
where the moving electricity stops^ is to stop it at all the inter- 
vening parts according to our present views of electrolysis, and 
to stop tlic electrolysis is to shut out electrolytic conduction ; 
and nothing at present remains but conduction proper, to account 
for th^ very manifest effects of conduction which occur in the 
caae. 

It may be imagined tlwt a certain polarized atate of tenaien 
occura in theae caaea of atatie indnetion, wbieh ia intermediate 
between it and electrolytic condnetion (Exp. Bea. 1164) ; ot tbat 
a pertain preparatory and aa it were incomplete condition may 
be aaaamedj diatingmahing tbe caae of atatie eondnction wim 
globee of water* vmcb I have taken aa tbe gronnd of eonaider- 
fttion firm the aame caae when preaented by gkbea of metal. 
Our fturther and future knowledge may ahow aome aueh state ; 
but in leapect of our preaent distinctive viewa of conduction 
proper auu electrolytic conduction^ it may be |semarked that . 
auch discovery is just as likely to coincide with the former as 
mth the latter view> though it moat probably would aher and 
correct both. 

Falling back upon the conatderatioa of the partidea between 
« 9Ud we find, that whether we conaider them aa reapeets the 
current which has passed through them, or the charge which 
they have taken^ they form a continuous series ; the particle at 
. e has had most current, that at w none, that atra moderate cur- 
rent ; and there are particles which must have transmitted every 
intermediate degree. So with reprard to charge; it is highest 
at w, nothing at e, and every intermediate decree occurs between 
the two. Then with respect to these superticial particles, they 
f^i th^ charge that eiuata^ and therefore all the electricity 
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which has been conducted is in them ; consequently all the elec- 
trolytic results must be there ; and that would be the case, even 
though for the shell we were to substitute a sphere of water. 
For, if those particles which ha\'e had uioie current through 
them than others be supposed to liave more of the electrolytic 
results about them than the others, then that electricity which is 
found associated chiefly^ if not altogether, with these others, 
could have reached them only by conduction proper, which for 
the moment is assumed to be non-existent. So, to favour the 
electrolytic argunieut, wc will consider the conduction as ending 
at, aud ike electrolytic results as sumuitd up in, these superficial 
particles, passing for the present the former objectiou that 
though the electricity has reached, it has not gone through, 
these particles. Taking, therefore, a particle at r, and consider- 
ing its electrolytic condition as proportionate to the electricity 
which has anrired at that particle, and given it charge^ we may 
then assume — for we have the power of diminishing the inductive 
action in any degree^ — ^that the electricity^ the conduction of 
which has ceased upon the particle that was there, has heen just 
enough to decompose it, and has left what was the under but is 
now the surfiuse particle, charged. In that case, some other 
particle, in a higher state of charge, and nearer to n, as at s, will 
have had enough electricity conducted towards its place to de-; 
compose two particles of water ;-— but it is manifest that this can- 
not be the next particle to that at r, but that a great number of 
other particles in intermediate states of charge must exist be- 
tween r and Now the question is, how can these particles 
become intermediately charged by virtue of electrolytic con- 
duction only ? Electrolytic action is definite, and the very theory 
of electrolytic conduction assumes that the particles of oxygen 
and hydrogen as they travel convey not a variable but a per- 
fectly definite amount of pDwer onward in it 3 course, which 
amount they cannot divide, but must take at once from a like 
particle, and at once to another like particle. How then 
can any number of particles, or any action of such particles, carry 
a fraction of the force associated with each particle ? It is no 
doubt true, that if two charged [jarticles can throw their power 
either on to oue, or to three or more other particles, then all the 
difficulty disappears. Conduction proper can do this : but, as 
we cannot conceive of a particle half decomposed, so I cannot sec 
how tins can be performed by electrolytic conduction, 1. e. Iiuw 
the particle between ?• and s can be excited to the intermediate 
and indefinite degree, conduction without electrolysis being de- 
nied both to it and the particles around it. 

If the particles between e and n be supposed to oonduet dec- 
tiolytically by the current which passes through them (dismisaing 

Phil Mag. S. 4u Vol ID. No. 64. Aug. 1865. I 
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for a tunc, amongst other serious objections, that already given, 
that the products would not be found at the places to which the 
electricity has been conveyed)^ still the present argamailt would 
have like fotee. At r enough eleetricity may have passed through 
to decompose two particles of water, at i only enough to de- 
compose one, — how is a particle between r and s to ebiaige de- 
ments with the partides either towards r or towards 9, if dectro- 
lytic change only is to he admitted ? or how, as hcfore inquired, 
oan two partides throw their power on to, or recdve their power 
from one ? Many other considerations spring out of the thought 
of a water bubble, und»r static induction j but these just ex- 
pressed, with those that rdate to the seat of dectrolytic action, 
whether at the place of current or of charge, create a sum of 
difficulty fully sufficient, without any others, to make me suspend 
for the present any condudons on the matter in question. 

The conduction power of water nray be considered under 
another point of view; namely, that which has relation to the 
absolute charge that can be given to the fluid. A point from 
the rlectrical machine can charge neighbouring particles of air, 
and they issue off in streams. It can do the same to ]) articles 
of camphine or oil of turpentine ; — it can do the same to the 
particles of water ; and if two fine metallic wires connected with 
Kuhmkorff's appai'atus, bi^ immersed in distilled water, uLout 
half an iuch apart, the motes usually prescuL will soon show how 
the water receives the charge, and how the charged water passes 
off in streams, which discharge to each other in the mass. Now 
such charge is not connected with electrolysis ; the condition of 
elcctrolyzaiiou is, that the tleetiiciLy pass through the water and 
do not stop short in it. The mere charge of the water gives us 
no idea where any constituents set loc^ by electrolysis can be 
evolved, and yet eonduetion is largely concerned in the act of 
diarging. A shower of rain fdls across a space in the atmo- 
sphere subject to electric action, and each drop oecomes charged ; 
spray may he thrown forth from an dectrified fountain veiv 
highly charged conduction has been eminently active in both 
eases, but I find it very difficult to conedve how that conduction 
can be electrolytic in its character. 

When drops of water, oppositely electrified, are made to ap- 
proach each other, th^ act by convection, t. e» as carriers of 
electricity ; when they meet they discharge to esch other, and 
the function of conduction is for the time set up. When the 
water bubble, described p. 102, is taken out of the sphere of in- 
duction, the opposite electricities about p and n neutralize each 
other, being conducted through the particles of the water. Are 
we to suppose in these cases that the confluction is clcctrolvtic ? 
if so^ where are the constituents separated, and where are they 
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to appear? It must be a strong conviction that would deny 
conduction proper to electrolytes in these cases ; and if not 
denied here, what reason is there ever to deny it absolutely ? 

The result of all the thought I can g:ive to the subject is a 
susptnded judgement. I cannot say that I think conduction 
proper is as yet disproved in electrolytes ; and yet I cannot say 
that I know of any case in w inch a current, however weak, being 
passed by platinum electrodes across acidulated water, does not 
bring them into a polarized condition. It may be that when 
metaulie surfaces are present^ they complete by their peenliarities 
the eonditioii neceasary to the evolution of elementa^ whieh, 
under the same degree of electrification^ wonld not be evolved if 
the metala were away ; and^ on the other, hand^ it alao may be 
that after the metala are polarised, and a consequent state of 
reaetive tension so set np> a degree of condnction proper may 
oeenr between them and the electrolyte simultaneously with the 
electrolytic action. There is now no doubt that as regards elee* 
trolysxs and its law, all is as if there were but electrolytic con* 
dnctimi; but, as regards static phaenomena (^ich are equally 
important) and the steps of their passage into dynamic effects, 
it IS probable that conduction proper rules with electrolytes as 
with other compound bodies ; Ibr it is not as yet disproved, is 
supported by strong presumptive evidence, and may be essential. 
Tet so distant are the extremes of electric intensity, and lio in- 
finitely different in an inverse direction are the quantities that 
may and do produce the essential phsenomena of each kind, that 
this separation of conductive action may well seem perfect and 
entire to those whose minds arc inclined rather to see conduction 
proper replaced by elertrolytic condnction, than to consider it as 
reduced, but not destroye d ; disap])canng, as it were, for elec- 
tricity of great quantity and small intensity, but still abundantly 
sufficient for all natural and artificial phenomena, such as those 
described, where intensity and time both unite in favouring the 
final results required. 

But we must not dogmatise on natural principles, or decide 
upon their physical nature without proof ; and, indeed, the two 
modes of electric action, the electrolytic and the static, are so 
different yet each so important, the one doing all by quantity at 
very low intensity, the other giving many of its chief results by 
intensity with scarcely any proportionate quantity, that it would 
be dangerous to den^ too hastily the conduction proper to a fbw 
eases in static induction, where water is the conauctor^ whilst it 
is known to be essential to the many, only because^ when water 
is the electrolyte employed, electrofytic conduetiim is essential 
to every case of electrolytic aetion. 

1% 
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XiV. On the Molecular Cunstitution of Crystals* 
By iloBEKT T. FoasTER, A.B»^ 

[With Two Plates.] 

ANY theorieB which have been advanced to account for the 
phssnom^na of crystaUisaticHi have been but ahort lived in 
their reputation ; and, indeed, it may be aafefy doubted if any " 
occupy such a position as to entitle them to much credit. 

The subject is itself one of much interest ; and although the 
consideration that so many able minds have failed in the attempt 
to investigate it may naturally deter an inquirer^ still the prize 
is sufficient to persuade him to hazard the attempt. 

I shall first take a short review of the many theories which 
have been advanced in explanation of the phsenomena^ and I 
trust I shall be able to show that some were unquestionably 
fBtulty^ and all undoubtedly and confessedly deficient. 

Passing by the many absurd theories advanced on this snbjpct 
in ancient times, the first whom we find descrviiiir of notice is 
Christian Huygens. In his celebrated work on double refrac- 
tion, he considered the n ystals of Iceland spar to be built up of 
spheroids, which by their unequal density separated the nicideut 
light into two rays. He did not, however, give any reason why 
the particles are so aggregated. 

Hooke, in his Micrograplda, advanced a sinular hypothesis, 
except that he considered the atoins to be spherical; a supposi- 
tion which would have accounted lor fonns in the first system, 
but which would have utterly tailed in case of the third or 
"rhoiiibohedral,"' to which lie applied it; nor does he perceive 
that the molecules, if left to themselves, v. ould not assume a 
definite arrangement. He does not seem to consider these 
spheres as the ultimate atoms ; he says, that having already 
shown how a fluid will naturally assume tlie spherical form, he 
will proceed to show how these spheres wiU unite to form a 
crystal/' On the absurdity and complication of such ideas I 
need not dwell. 

The next who commanded atteution was M. Frechtl de Brun, 
whose ideas were to a certain extent those of Hooke ; he con- 
sidered a fluid to be made up of soft molecules, which, while the 
body was undergoing its change of state, suffered a change of 
form arising from their mutual pressure, and that they were 
thus formed into cubes, dodecahedrons, &c. ; the cubes by their 
union forming larger cubes, &c. Not only was this hypothesis 
quite insuffidmit, inasmuch as it substituted one difficulty for 

* Communicated by the Author; having been read before the Royal 
Irish Academy, May 14, 1855. 
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another, but it was totally erroneous in theory, as Dr. Wollaston 
has ably shown. 

Immediately after Iiim^ Dr. WoUastonpuUiahed in the Philo- 
aophical Transactioiis a theory of the manner in which the 
common octahedron and tetrahedron may be built up of apherea 
having a mutual attraction for eaeh other. He evidently con- 
aidered hia ideaa the aame aa thoee of Hooke^ aa he aaya he found 
himadf anticipated by that writer. He doea not seem to have 
prosecuted his inquinea very far, indeed he leaves totally un- 
noticed the innumerable other forma to be met with in nature. 
-He does, however, make some observations with regard to the 
cube, but he does not appear to have satisfied himself; hia words 
are to this effect If a number of white and an equal number 
of black balls are so arranged that each white ball shall be equi- 
distant from the four nearest black balla^ and also from the 
adjacent white balls, the form which they would take would be 
a cube/' 

I shall now endeavour to show that this theory of the forma- 
tion of the octahedron is faulty, inasmuch as the molecules, if 
left to themselves, would never assume such an arrangement. 

If any four spherical atoms become attached in cousequeuce 
of their mutual attraction, thev will combine in the manner 
shown in Plate 1. fig. 1, and any iitth atom will attach itself, as 
shown in fig. 2 ; but if we examine fig. 3, whicli represents the 
arrangement which he supposes them to have, w c will find that 
any five adjacent spheres occupy a position such as shown in 
tig. 1, a position which they evidently never would naturally 
assume. 

Wollaston himself seems to have some lurking doubts of the 
validity of this assumption, as be begins by showing bow the 
apherea wiU become aggregated tfon a plane, and then from thia 
Daaia builda up the octim^bon; thia, however, ia the very man- 
ner in which eryatala do not form. 

The first who really inveatigated thia moatintereating subject 
was the Abb€ Haiiy ; hia work forma an sera in the -history of 
the aciencot He perceived that many crystals were liable to 
cleavage, and that thus in many cases new sohds were obtained; 
he was led from this to consider, that, if this cleavage were con* 
tinned long enough, he would intimately arrive at the absolute 
atom ; and he assumed, without sufficient foundation, that this 
atom should have the aame form as the solid obtained by cleavage. 

The forma which he conaidered the molecules to have were &e 
tetrahedron, parallelepiped, and the three-sided prism. He 
clearly showed that many of the forms could be constructed with 
these elements, and he pointed out how some 'of the secondary 
forma would result from certain decrements or omissions in the 
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regular BtteoeBnon of the particles. He however faiM in aoommt- 
iDg for the formation of the ordinary octahedroDj aa each a form 
could not result nnleaa from a mixture of little tetrahedrons and 
octahedrons, or unless the tetrahedrons were united 1^ their 
comers, leaving spaces between them. The neoessity for sud^ 
an arrangement so unaccountable and so totally at variance with 
the rest oif his theory was evidently subversive of it. He more- 
over does not attempt to explain why the decrements that we 
have spoken of take place, nor does it seem possible to do so on 
his hypothesis. He seems to have begun at the wrong end, and 
instead of investigating how certain particles could unite to form 
certain crystals, he contented himself with showing that such ' 
crystals might be formed by piling up the molecules in a par- 
ticular manner. 

The last and most successful writer is Mr. Dana, the American 
mineralogist, who first published his views on the subject in the 

year 1H3(). 

He considers the molecules to be spherical, and posse^'sed of 
six po]p«, each 90° distant from the nearest four; three adjacent 
poles hang of one denomination and three of another, those of 
a like sort repelling, and those of an unlike attraetinsr each other. 
By means of this hypothesis he very satisiactonly explained the 
cubical formation, and pointed out, like Haiiy, how the many 
secondaries can be obtained from the cube by certain decrements 
at the edges or angles. He also accounted fbr the formation of 
twin crystals, by showing how two molecules may accidentally 
unite at a point of cquilibiuuii between two or three poles. He 
supposed the molecules to be in the first system spheres ; in the 
second spheroids j in the third spheroids^ the poles being at the 
extremities of equal conjugate diametm; in the fourth ellipsoids ; 
in the fifth the same, the poles being at the extremities of axesy 
two q£ which are inclined to each other ; and in the sixth the 
same, all the axes of the molecules being inclined. He> however, 
does not in the least account for the formation of secondary 
planes (although he wishes us to suppose so), nor of the occur- 
rence of hemihedral forms. In this respect all writers on the 
subject have erred in not entering sufficiently fully on the inves- 
tigation ; either contenting themselves, like Hafiy, with consi- 
dering how certain solids could be built up to form other solids^ 
or, like Dana, merely observing how molecules, if possessed of 
certain properties, wul unite after certain laws. 

The problem, as it appears to me, is of a much more general 
nature J we have to consider a number of molecules to which we 
have given certain properties, and we have to investigate what 
forms they will as<iunie, and what modifyinir inflnn-ncpR may enme 
into play during the process. We cannot expect, that, after 
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several molecules iiave united and a solid has thus been formed, 
DO change will take place in the law of attraction conaeqnent on 
the mutual action of all the accnmidated particlea ; nor can we 
wddf mppoae^ that propertiei whieh are themiolra tnuuient, 
and certainly not exUiing when the body is in all its itatea, may 
not be alterable after the body baa anumed the lolid form. 

DanA aeema to have given mineceaaary complication to bis 
bypothensy and by thia means to have rendered tbe explanation 
of aomo of tbe pluenomena impossible. It appears to me that 
all the conditions wovdd be satisfied by the molecules having six 
poles, all exendsing a mutoal attraction for each other i the form 
which would result from the union of snch moleenles would evi- 
dently be the cube (tig. 5). But it is natural to suppoae, in accord- 
ance with similar phsenomena in nature, that these poles maybe 
liableto removal ordisplaoement on account of their mutual attrac- 
tion for each other, and that tbe attracting fluid is only held in its 
plaoe by a certain coercive force of the molecule itself, as is the 
case in the common magnet. As the crystal increases in sise, 
those molecules which are at its extremities will be more and 
more acted on by this influence, and some may altogether lose 
tKeir polarities (at the same time it is by no means a conscqnrnce 
that these moleenles will drop oft", since the nttrneting liuid need 
not be removed from the molecule^ ljut only displaced) ; the 
coDscquence will be, that the free purticlcs will not be attaclied 
to those which have lost their polarities^ and modifying planes 
will appear. 

Thus in case the molecule at each corner of a cube lose its 
three unattached poles, a plane will appear at each corner^ and 
the octahedron will he thus formed. 

If a row ot molecules along each edge lose their unattached 
'poles, |)hinLs will appear on each edge, which will of course belong 
to the dodecahedron ; but if two rows of nioleculcs lose their 
poles, the resultant form will be a tctrakishexahedron ; if three, 
another tetrakishcxahcdron. 

Let us now consider under what circumstances these different 
tesolts will take place. If we consider the manner in which the 
additional particfes are laid on those layers already formed, it is 
evident that those nartides neatest the centre will be the first to 
which new moleenles will become attached, and that in general 
ihe particles will attach themselves as nearly as posuble to the 
centre of the crystal, inasmnch as the attraction is itningest 
there. On the contrary, - those moleenles which are fnrfheat 
from the centre will be the first to lose their attractive force, as 
numbered in fig. 6. 

if all the moiecttles in a face already formed be covered except 
the external vow, and i^ while the internal moleenles were having 
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new moleeales attached, this external row lost its polarities, tlieii 
dodecahedral faces will appear. In like manner^ if only the 
extreme comer molecule lost its polarities, then all would be 
covered but that one, and the plane formed would belong to the 
octahedron. In fact, we have the molecules heoommg consecu- 
tively attached in one direction, and the polarities of those mole- 
cules to which they are to be attached being consecutively 
removed in exactly an opposite direction ; of course, then, after 
a certain number of molecules have become attached, no more 
molecules will be attached on that layer, and a new laver will 
be commenced in exactly the same manner, and exactly the same 
result will ensue, the same number being dropped as in the last 
layer, and the consequence being that a plane will be fonned 
being a tangent plane to those molecules to which no others 
have become attached. It might appear at first sight that this 
is not true, since tlu? number of molecules in each face are as 
the squares of the number of molecules alontr an edge; but we 
are to remember that all those molecules equidistant from the 
centre have new molecules attached to them at the same time ; 
therefore the time which elapses while the whole face is being 
covered is only that which elapses while a single row is being 
covered. 

There is one description of crystals which have been left 
ncai ly iiltogether unnoticed by all writers on this subject, namely 
hemiliedral forms. The only person who mentioned them at all 
was Wollaiston, and he contented himself with proposing a theory 
for the formation of the tetrahedron, leaving quite unexplained 
the union of the cube with the tetrahedron (although his own 
thoughts were elicited by the octahedral deavage of cubical fluor 
spar). His theory of the formation of the tetrahedron I have 
already shown to be faulty. I will now endeavour to show 
under what circumstanoes hemihedral forms without parallel 
faces will be produced* The theory I am about to put forward 
is not sufficient to explain the formation of crystals with parallel 
faces ; but this does not invalidate it, inasmuch as, from the 
well-known fact that forms of these two denominations are never 
found united, we can safely infer that there is sometbing essen- 
tially different in their nature; indeed we might say, that if any 
theory was capable of accounting for both, the fact of its doing 
so would be an argument for its rejeetion* If the molecules be 
spheres, each having twelve poles, or centres of attractive force, 
on its surface, and these poles were arranged as shown in fig. 7, 
the form which such molecules would assume is the tetrahedron. 
(The intersection of the jrrent circles in the figure show the 
position of the poles ; each great circle is divided into six equal 
parts bythe others,and theycut each other at angles of 
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For if any two of these sphere?^ become united by two of their 
poles, they will evidently, fi'om tlic mutual action of all t]ic poles, 
assume such a position as shown in lig. 8; and a third riiokculc 
would be attracted in a similar position, while a fourth would 
attach itself to the three poles, A, by its three poles a, h, c 
(fig. 9). We have now a tetrahedron fonned, and by precisely 
analof^uB reasoning we can continue the pioceu of formation. 
It wifl be observed that a fifth mdecnlci if attached, will be in 
the same plane with three others, and will only touch two ; a 
result to the necessity of which I have already adverted when 
speaking of Dr. Woilaston's hypothesis. 

If a tetrahedron be thus formed, and if a row of molecules 
along each edge lose theii* ])olarities in each consecutive layer, 
each additionid layer of particles will be deficient by a row, and 
faces will appear replacing the edge of the crystal tangentially ; 
such faces, it is well known, belong to the cube. We have now 
a compound form consisting of a cube and tetrahedron. (Vide ' 
Plate 11. figs. 10 and 11.) 

If each layer be deficient by one molecule at each comer of 
the faces, planes will appear truncating the corners of the tetra- 
hedron, which will of course belong to the nrtnhedron. In like 
manner, if two or more rows be omitted^ the hciniikositctrahedron 
will be formed. And if the same occurrences take place after 
an octahedron has been formed, the holohednd forms of these 
solids will be obtained. 

It is well known that ci'ystals in the first system are liable 
to three distinct cleavages, which would evidently indicate 
three distinct formations ; two we have already iuvestio-ated, 
namely the cubical aud tetrahedi'al ; we will now endeavour to 
show under w hat circuiiistances spherical inolernles will assume 
the form of a dudccahedi'ou, and wiii then proceed Lo pro\ e that 
these three formations will give rise to three distinct cleavages, 
the directions of cleavage being in every case parallel to the faces 
of the solid itself, an mstance of agreement which is strongly 
suggestive of truth. 

If the spherical molecules have eight poles situated in the 
same relative positions as the comers of a cube, thev will, if under 
no disturlnng influence, assume the form of a dodecahedron ; 
for if any sphere attract eight othefs, they will be arranged as 
shown in PL L fig. 1 2, all the poles of each sphere having the same 
position as regards the ( ye ; for it is evident, that, if after imion 
they have any other position, the mutual actions of aU the poles 
will cause them to rotate on each other till th"^ have that definite 
position ; these eight will be attached simultaneously, and imme- 
diately six others will be attached to them, as shown in fig. 13. 
We have now a dodecahedron formed; and it is evident that as 
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the crystal grows, tbe same form will be retained (fig. 14). Such 
a crystal will be liable to modification in the same manner as 
those already discussed, and thus all other forms may be buiit 
up in this mauuer. 

We have thus seen that on these three hypotheses it is pos- 
sible to explain all forms ; the cubical gives rise primarily to the 
eabe, and by means of decrements to all others except the tetra- 
hedmn. And here we may mentioii a foot Btrikingly eonfirma^ 
torv of these views^ namely, that there ienei a ekufle inetanee w 
nanare of a cryetal exkibUhig the teirahedral form, or that of any 
of its hemiheiral derwatwee, and poeeeesea of eMeel deavaye* 
The tetrahedral gives rise to that solid and all others by its mo- 
diBcations, and &e dodecahedral in like manner gives rise to all 
Ibrms ; uid thus any ci^tal may have any elea?age. 

As regards cleavage, it takes place in every case in whatever 
diieetion the least resistance is met with ; thns where each mole- 
eule has six poles the deavage is eubical,becaQsesuch a division 
separates each atom from one other only, whereas the dodecahe- 
diBl cleavage would separate each atom from two others^ and the 
octahedral from three, as is at once evident on inspection of 
fig. 5. 

In like manner, in the tetrahedral arrangement the cleavage 
is parallel to the faces ; for it is evident (fig. 3) that such a divi- 
sion would separate each molecule from three others, whereas 
the only other cleavage which it could possibly undergo, namely 
that parallel to planes on the edges, would separate each mole- 
cule fi'om four otliers. Lastly, whnre the poles are eiirht in 
number, and the formation dodecahedral, the cleavage planes are 
parallel to the faces ; for by division in such directions wc over- 
come the resistance of two poles in each molecule, while if we 
divided the crystal by planes parallel to the faces of the cube, 
we should separate each atom from four others; if by planes 
parallel to the faces ot the ociahedron, from three others. 

These three formations occur in the other systems also, and 
give rise to corresponding cleavages ; but as some of the poles 
are stronger than others, in those systems particular cleavageii 
are eminent. 

• We ha\ c now reviewed all the different forms of the first system : 
it only remains to speak of hemitrope and twin crystals. 

Dana has satisfactorily shown that these will arise from the 
accidental union of two molecules at the middle points between 
two or more poles j an actoimt of his theory first appeared in 
the Ameriean Journal of Seienoe for 1886. He was certainly 
the first peftKm who fiilly investigated this part of the snbjecti 
bat jostiee compels me to add^ wat his ideas were directly bor» 
towed from Sir David Brewster, who some years befoce, in an 
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artide on po]arizftti<m pvodttced by eomprMnoa, tkui expressed 
bimadf The pluenomeiHi of cleavage and of hemitrope forma 
would clearly indieate that the integrant moIeculeB are spheres, 
each having six poles on its surface/' Thia article was quoted 
by Dana in the American Journal of Science, and formed the 
basis of bis investigations^ without however being acknowledged. 
Sir David Brewster goes on to say^ that it is owing to the dif- 
ferent degrees of force possessed by the diflerent poles that 
the different cleavages are due; and in this be is clearly in 
error. For if a cube be divided either by the cubical or octahe- 
dral cleavagCj every moleoule ^^411 eventually become separated 
frora every other. In fact, to divide a crystal in which the 
arrangement is cubical by the octahedral rleavage, we must at 
each section separate every molecule from three adjacent mole- 
cules, or in other wordi?, we must overcome the cohesion of 
three of its adjacent poles; but it was to the unequal cohe- 
Rion of these very three poles that he ascribed the liability to 
cleavacre. 

Daua also, as I have already stated, pointed out that in the 
second and remaiiniig systems the molecules are no longer 

spheres, but sjilicroids or ellipsoids ; and with this modi- 
ficaUoii, all 1 Lave said applies word for word to the other- 
systems. 



XV. On the Felspan occurring in the GranUu of the DubHn and 
Wicklow Mountains. By the Rev. Joseph A. Galbeaith, 
M,A,, Erasmus Smith's Professor of Natural andEapermaUti 
PhUosopky tf» the University of Dublin, 

To the Editors of the FMlosophical Magazine and Journal* 
GbntlembNj 

A COMMUNICATION from Mr. Jennings which appeared 
in your last Number, on the Felspars of the Dublin 
Mountains, makes it necessnry for me to request that you will 
insert in your Journal a bhort account of a discussion which 
arose some time since in the Koyal Irish Academy on this 
subject. 

In the moiiLh of January 1853, Sir Robert Kane broiiijlit 
liudcr the notice of the Academy an analysis of the waters which 
descend from the sides of the Dublin Mountains. The following 
is his analysis of the residue after evaporation^ of what he con- 
sidered to be a typical specimen 
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Org:anic matter 2 8 . '50 

Carbonic acid ?• 10 

Muriatic acid 17 99 

Sulphuric acid ........ 6*34 

SiUca 3-81 

Lime 3*03 

Magnesia , 0*85 

Potash ...» 2*86 

Soda ^ . . . . 80*48 

Loss 3*94 

100-00 

111 the discussion of tliis analysis, he considered that the 
muriatic acid present existed in tlie form of common salt, de- 
rived from the vapours of the adjoining sea, which leaves of the 
soda 15*20 to be disposed of; he then allocated all the potash 
to the sulphuric acid, of which it saturates 2*43, leaving 3 91, 
which he supposed to be combmed witli soda, leaving finally of 
this alkali 12'16 to exist in combination with silica and the 
organic acids. This large amuunt of silicate of soda in the waters 
heattributed to the decomposition of the felspathic materials of the 
gi'anitc ; and in conclusion, drew the inference that the fels])ar 
of the Dublin granites is, upon the whole, a soda or albitic fel- 
spar, although in particular localities orthose or potash felspar 
may be found. This inference he also stated was verified by a 
great number of analyses of specimens of granite taken from 
various parts of the range which extends from Dublin into the 
county Wicklow ; in all these specimens both alkalies were founds 
but the soda in such excess^ as to indicate that the potash should 
be referred to the mica which the granite contained, and the 
soda allocated to the felspar. 

By this interesting communication to the Irish Academy two 
important questions were raised; viz. 1, whether the felspar 
which enters into the .constitution of the granite is an albite ; 
2, whether (ffthose or potash felspar is a rare mineral, to be 
found only in special localities, such as KiUiney. 

In a communication made at a subsequent meeting by Dr. 
Apjohn, the first of these questions was fully disposed of, as 
from the analyses which he furnished of specmiens of felspars 
taken from different localities, potash was invariably found in 
notable quantity, constituting at least one-half of the alkalies 
present, showing that the felspar could not in any sense be con- 
sidered as albite or soda felsjiar. 

To the second of thr sc questions I directed my attention, and 
having procured spccinieus of felspar, taken from seven localities 
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at about equal distances in a line stretehing forty miles from 
Dublin^ I subjected them to careful analyuB, and furnished the 
results to the Academy ^ and also to your valuable Journal. 
These results leave nothing to be wished for as far as the second 
question is concerned, as in every case the specimen appeared to 
be true orthose, resembling in every particular those which are 
to be found in Killiney and Dalkey. 

In the lart Number of your Journal I pcreeive that a commu- 
nieation has been made by Professor Haughton, in wbieh he 
gives ci number of analyses of rock specimens taken Irom different 
localities in this range ; his results appear to be alto.£!:ether in* 
consistent with the opinion expressed by Sir Robert Kane as to 
the character of the felspars of these mountains, and therefore, 
of course, with the extended series of analytical investigations of 
rock specimens on which Sir Robert Kane stated that he founded 
his opinion, and which, although now nearly three years have 
elapsed, he has never produced. 

Professor Haughton has, in the course of his research, dis- 
covered a most interesting fact as to the character of these gra- 
nites, namely that in every specimen taken from the range itself 
the potash predominates over the soda^ while in the ontlying 
granitic protrusions, the soda prevails, thus indicating a curious 
constitntional difference, which may, and probably does, accom- 
pany a difference of age in these rocks hitherto undiscovered. 

As to Mr. Jenning's interference in this discussion, he has 
notj in my opinion, eontribnted much to either side ; nor do I 
think he understands the question in all its bearings. In the 
course of this article it has been stated, that, at the very outset 
of the discussion, analyses of felspars were produced and relied 
on by Dr. Apjohn, in which the proportion of the alkalies was 
nearly equal ; it will therefore appear that the production of a 
single additional, and tbat but a partial analysis, confirming, so 
far as it goes, Dr. Apjohn^s result, cannot throw much new fight 
on the question at issue. 

Immediately after the meeting of the Geological Society, at 
which I obtained a part of the specimen furnished by Mr. Jen- 
nings, I made the following analysis * ' 



SiHca . . 
Alumina 
Peroxide of iron 



1612 
8*20 
1-34 
4-66 
3-39 
0*96 



Lime 
Potash 
Soda . 



Loss by ignition 



99*98 
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I used the ^n eatest care in obtaining the alkalies scjjaralely^ 
and have no doubt that the numbers just given accurately reprcv 
sent their relative proportioDS. It is to be regretted that Mr. 
Jennings did not obtain from Mr. Campbell a complete analysis, 
as ])erfect confidence cannot be placed in quantitatix e results if 
all the constituents be not weighed ] but if we agree to accept 
Mr. Campbell's deicniiuiationof the alkalies as perfectly correct, 
It lb as wholly irreconcil cable with Sir Kobcrt Kane's stateuieiit 
as any that has been produced during the controversy. 

I regret particularly that Sir Robert Kane has left this question. 
■0 &r M he is eoneerned, without any meana of adutioiii And 
aa thoae who are competent to decide auoh queationa naturally 
withhold their judgement till all eidea are heara, I hope I may be 
excused if in these pages I express the hope that ere long Sir 
Bobcvt Kane will favour the public with ue investigationa on 
which he has based his opinion. I may, no doubt^ m in error 
in some of my views of tms question; and if so, would be glad 
to have my mistakes corrected by so competent an*authority« 

I leuttinj Gentlemen, 

Your obedient Servantj 

IVinity College^ Dublin, JoaiPH A. GALBftAITH. 

July 16. 1855. 

XVL On two ioubtful Br^h Species, QlottaJite omf Zeuxite, 

By R. P. Gebo, Esq,* 

I HAVE lately had an opportunity of seeing the original spe- 
cimens from which, many years ago, the late Dr. Thomson 
described the rather doubtful species Glultalite and Zeuxite, 

1. The Gloitalite occurs botli crystallized and massive. The 
massive much resembles, as indeed Dr. Heddle lately suggested 
it might be, edingtonite. The crystals, which Dr. Thomson 
rather loosely described as ''having nearly equi lateral luecs, 
either four-sided pyramids or regular octahedronb/ ' are without 
doubt chabasie. The crystals, though not easy to distinguish^ 
occur in double six.-sided pyramids^ amna of ohabasiB someomea 
also called phacolite. Another proof of its being in aUprobability 
chabasie is the fact^ that glottaliU is described by Thomson as 
containing 21| per cent, of water, which is exactly the proper 
proportion for chabasie. 

Zeuxite, — This mineral I haye long considered as merely 
a tourmaline or schorl, and my inspection of Dr. Thomson's 
specimen only confirms me in that opinion. At the time the 
specimen was found, viz. in 1814, at Huel Unity, little was then 
known comparatively of the precise composition of tourmaline, 

* Ckmnuniested by the Author. 
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or of the laws of isomorphism j and many minerals might then 
have been considered time and distinct species vviiich would be 
now united. The ioUowinp: Table ot old analyses of tourmaline, 
given in Dr. Tiiuiiisou's ongnial book, will at once show how 
highly probable it is that ;:cLwitc i& m reality nothing!; but lour- 
paalincj that at that time no better analysis could, have been 
expected. 





ZenxUe. 


Tourmaline. 


Thomaon. 


Omelin. 
Eibenstock. 


Mount Bon. 


Greenluid. 


Devonshire. 


Si 

Ca 

Mg 

Na 

u 

B 
• 

H 


88*45 
81-85 

2*45 


88-S8 
98*88 

085 


11-88 

0-50 
6*87 


8719 
8*81 

8-88 
8*18 

0- 22 
3-63 

1- 88 


88«0 
17*88 

0-55 
1*13 
»88 




8-lir 




2-32 
■ 0«0 




1-89 




6-S8 










10105 


98-46 


96-48 


92 33 




3-05 


303 


3-14 


306 


3-84 



Not only docs the fperific <rra%ity of znixite agree with that 
of tourmaline, but its behaviour before the blowpipe, as described 
by Dr. Thomson, is also similar ; and it is worthy of remark, he 
mentions that the water in zeuxite contained traces of muriatic 
acid. Had he tried for boracic acid, he would more probably 
have found it was boracic acid. 



XVII. On the Induction Apparatus and its Effects, 

By J. C. POGOBNDOEFF. 

[Continued from p. 12.] 

2. On the Fh^emmena observable dumi^ the Action of the 

Apparatus, 

HITHERTO it has not at all, or has not sufficiently beea 
kept in view, that the phsenomena manifested by the ap- 
paratus are essentially difFercnt according as the ends or pole^ of 
the induction wire are either (i) connected by means of a good 
conductor, or (^) separated by air or ga8« or (3) separated by 
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means of a liquid or solid insulator. In this peculiarity Volta's 
induction apparatus differs essentially from the magneto-electric 
machine. 

Fkrst case, — ^When the poles of the induction coil are connected 
by a metallic wire or by a good couductmg liquid, the induction 
current consists of two parts, or two alternate currents, one in 
the opposite, and the other in the same direction as the mducmg 
current, corresponding respectively to the moments when the 
circuit of the latter current is closed and broken. 

This can be detected by the galvanometer. When the induc- 
tion wire is very thin and long^ and a galvanometer ia introduced, 
no devrntion is observed ; bat when the said wire is thiiACT dnd 
shorter, or the inducmg current stronger, the phssnomenon of a 
twofold deviation, which I described in 1888^ is observable*. This 
18 caused, of course, by ^uick, succesnve magnetizations of the 
needle in opposite directions. 

If water or dilute sulphuric add is introduced into the cur- 
rent between platinum plates, oxygen and hydrogen are liberated 
at each plate, and after the cessation of the current no trace of a 
polarisation of the plates can be detected. 

In a similar manner, moistened iodide of potassium paper, 
when put in contact with the poles, shows a separation iodide 
of equal strength at each pde. 

An electric thermometer rises, the direction of the current 
bdmg indifferent to it, but a thermo-electric current receives no 
charge. 

Lastly, the condenser has no influence upon these phsenomena. 

Second case. — When the poles arc separated by a stratum of 
air or gas, even although the stratum be very thin, only one of 
the two induction currents acts, i. e. the one produced by break- 
ing the galvanic current ; the otlier, produced by closing the 
current^ remains without external action in the coil, which on 
that account obtains tixed poles. 

This is evident in the phanoraena of tension, which arc exhi- 
bited when the induction coil is unconnected, that is to say, when 
its poles are separated by a great thickness of air. If during its 
activity au electrometer l)c brought iov a luoraent into contact 
with one pole of the apparatus, it will be quite accidental whether 
it will become charged positively or negatively, as the two elec- 
tricities change places continually on each pole. If the electro- 
meter be pla^ near enough to allow spaiics to spring over, onlv 
one kind of dectricity is obtained horn each pole, t. e. that whicn 
belongs to the pole when the current is interrupted. 

This is still better shown when one of the poles is connected 
with the earth by means of a wire. The electrometer, when held 
* Poggeudoirirs Amu^ vol. xlv. p. 353. 
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at a consiilerable distance from the otlu i' i)ole (e. fj. un inch and 
a half), becomes charged vvitli tlie elect ricity which corresponds 
to that pole and the above-mentioned current ; but it is charged 
by radiation merely, and not by sparks. In accordance with 
these results, it was found that when a wire connected with the 
earth was held at a short distance from one of the poles, and 
sparks taken trom it for some time, then, after the cessation of 
the current, the whole induction coil was charged with that kind 
of electricity which belonged to the other pole. 

The sparks which can be drawn from one of the poles of the 
mduction coil in its unconnected condition arc of course stronger 
when the other pole is connected with the eurth, and apparently 
always stronger at the negative than at the positive pole. 

When the two poles of the induction coil are brought so near ' 
to one another that sparks pass between the two^ the circuit may 
be eontideied dosed ; bat tnta closing of the circuit differs from 
that prodaced by a good condactor; in the latter^ both currents 
-dreuUte ; in the former, only the one which is produced by 
breaking the indncing current. The stratum of air between the 
poles, which may be compared to a filter, insomuch as it keeps 
one current back, requires to be only yeiy thin. A piece of dry 
blotting-paper,when placed between two metallic plates connected 
by wires with the poles of the induction coil, perfectly fulfils the 
purpose of separating one-half of the electricity, and occasions a 
current of constant direction, which, its discontinuity excepted, 
possesses all the properties of a galvanic current of high inten- 
sity, — is similar, in fact, to that oi a Tcry great number of very 
small plates. ' 

The interruption by means of points serves, of course, the 
' same purpose ; and in many respects this purpose may be still 
better effected by means of the electric egg, because in rarefied 
air the discharge between the ends of the metallic conductors 
takes place much more quietly than by the sudden springing of 
sparks in air of the common density. The thinner and more 
rarefied the stratum of air, the less the current will be weakened 
by this interruption, although, perhaps, a part of the same may 
always remain behind in the wire. 

The effects of the current when interru|)t( (l hv a stratum of air, 
and its difference from a perfectly closed current, are manifested 
by the e:alvanometer. A definite deviation is now obtairied which 
depends u|)on the direction of the cuiTcnt. It is greater with a 
thick than with a thin induction wire, and it is also more confi- 
numis and regular when the current is interriiptcd by discharges 
in a partial vacuum, than when it is bid ken by sparks in common 
air. When we consider the difficulty with \vliich the deviation 
oi a matrnetic needle is effected by frictional electricity, the faci- 

PhiL May. S. 4. Vol 10. No. 64. Any, 1855. K 
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lity with which it is here produced, even without any insulatioti 
of the galvanometer, will appear somewhat remarkable* 

According to Rieas^ « tiiefmie action is produced in tbe wire of 
the interrupted currentj but it ia an eiceedingly weak one. With 
my lesB sensitive ur-thermometer I could not detect this aetioni 
altbougb tbe same was sufficiently sensibk to show tbe inorcMS 
of heiS in the perfectly dosed wiiCi especially wben tbe latter 
was thick* It is wortbv of notice^ however, that notwithstanding 
this, a thermo-eleetric battery was charged in exactly tiie same 
manner as with a gslvanic ennent, that is to say, oppoaitdto the 
direction of the same. I observed it in a combination of two 
V-formed bismuth and antimony pairs. The common thermo- 
eleetric batteries are not bm applicablei in consequence of their 
imperfeet insulation. 

The sparks at the point where the current is broken have also 
a thermic action, in fact, a much greater one than that whioh 
takes place in the metallic circuit of the current* When very 
thin platinum wires are used as poles, and when they are brought 
hear one another, it has already been observed by several phy- 
sicists that the point of the negative wire, which is then sui^ 
rounded by the positive sparks, becomes red-hot. 

Chemical decompositions, decompositions of water, iodide of 
potassi\im, &c., arc effected in exactly tlic some mnimcr as with 
a galvanic current, i. e. only one electrolyte is separated at each 
pole. In water the electrodes become polarined, and when they 
ai'e composed of very ihin platinum wires, the negative one 
becomes slightly illuminated at the extremity. 

Many of these dcconipositions are interesting when they are 
so made that the point where the current is broken is at the 
liquid itself. For this purpose the wires of the discharger are 
placed vertical and near one another^ and the liquid is made to ap- 
proach them from below, so that the sparks oiuy be made to strike 
the liquid iVum both wires at once, or only from one, the other 
being kept immersed. In general it is found that the stream 
of sparks from the positive pole possesses a yellow or reddish- 
ydUow colour at the top, close to the point of the wire, and forms 
a blue disc below on the surface of the water j wbeteas the 
stream of sparka from the negative pole is blue at the top, and 
surrounds with this light a part of the wire firann the point, 
whilst a yellowish glimmer rests upon tbe liquid* When the 
liquid is placed nearer to the wires, about a quarter of a line 
from them, the pbecnomenon reducea itself to blue spurks at 
the negative^ and yellow ones at the positive pole. 

Further, tbe pbsenomenon is diilerent according to the nature 
of the liquids Non-conducting liquids, such as turpentine, do not, 
of course, show the phaeauomenon at all. With distilled water it ie 
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light ^ It ii more pcmet witii weak aulphnrie acid, hydrochloric 
aodf nitric add^ with aolntiona of hydrate of potashi carbonate 
of Boda> &c.; with theie alkaline liouids the middle part of the 
atream of sparks has a beantiM ydlow eolonr, at the pontive 
pole it is eren g^d-yeUow. The phsnomenon^ however^ ts most 
perfect with concentrated sulphuric acid : not one of the liquids 
which I examined" showed the blue disc on its surface under* 
neath the positive pole so great and deari and beautifully 
oolottred. All the above*mentioned phtenomena are more fully 
developed when the experiments are made in air rarefied to about 
8 inches of mercury pressure* 

No chemical decomposition can be seen in any of the above 
cases when both poles send sparks to the liquid. If, however^ 
sparks are allowed to issue from one wire only, and the other is 
held immersed, a decomposition is immediately visible at the 
latter, and it is qiiitn iiulitfereiit which pole is immersed, and 
from which sparks are emitted. This remarkable decomposi- 
tion at a single actual electrode is certainly weak, but I have 
distinctly observed it with dilute acid8>.aud Still more distinctly 
with concentratctl siil|.)hanc acid. 

With a solution ut luJidc oi potassium the action is different, 
for it is decomposed even when sparks fall upon it from both 
poles ; consequently when there are no real electrodes. Whether 
nitric acid or ozone is thereby formed, may remain at present 
uadiscussed. 

li a piece of bloUing-paper be moistened with tLis solution, 
put in contact with the uegative pole, and the positive pole 
be brought sufficiently near, a brown spot will immediately 
make its appearance underneath the latter^ and the positive 
stream of sparks will have a brownish colour unlike the violet 
colour of the vapour of iodine* Underneath the native pole 
no colour is viuUe* But if» on the contrary, the paper be 
touched by the positive nole and receive sparks from the negap 
Hit, a brown colour will be peroeptible underneath both, thou^ 
ttuch weaker underneath the latter. Something similar is 
observed when the negative pole is connected with the earthy 
and a piece of moist iodide of potassium paper is held opposite 
the positive pole only. 

Paper and sparks have then a brown colour. If sparks are 
allowed to strike upon the paper from both poles, a brownish 
colour will generally be perceptible underneath both, but alwaya 
weaker under the negative than under the positive. 

If the two moist places upon the paper which are struck by 
the sparks be separated by a dry part of small breadth, sparks 
will also spring over the latter. 

K2 
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. A piece of paper saturated with nitrate of aher, perchloride 
of platintim or pmliioride of gold^ is eolouied brown under- 
neath the positive stream of sparks. With perchloride of gold 
and perchloride of platinum the sparks themsdLves have a brown 
colour. 

Underneath them the paper begins to smoke, it soon dries^ 
and now a hole is burned through it^ whieh, glimmering like a 
fusee at the edges, rapidly increases in size. Brown filaments 
rise from the paper, attach themselves to the wiro, and form 
a kind of beard around the same. Underneath the negative 
stream of sparks these phaenomena do not manifest themsdveB, 
but a dark spot is thero formed, which evidently consists of 
reduced metal. 

The effects of the induction cuirent are now described. The 
reason why that current is only active which is produced by 
breaking the inducing current, and why the other, generated by 
closing the samc^ Las no action and does not possess the re- 
quisite tension to break through so thin a stratum of air, is 
simply to be sought in the fact, that by closing the current a 
complete conducting circuit is formed, which, like all continuous 
metallic circuits surrounding the induction coil internally or 
externally, is unfavourable to the development and the duration 
of the eurreiit induced therein. 

Good conductnig liquids, like those of a galvanic circuit, are 
in this respect not different from metals. Ot this it is easy 
to arrive at a conviction if the prioi u y coil possesses two wires. 
When the galvanic current is sent through one of these wires 
only, and the other is eonnecied with a pair of iiu'tallic plates, the 
development of sparks by tlie induction coil is immediately sus- 
pended when these plates are immersed in dilute sulphuric 
acid*. 

Under ordinary circumstances, when the current is broken, 
the destruction of the closed circuit itself removes this im- 
pediment, and nothing impedes the full development of the 
current in the induction coil, consequent upon this act, except 
what may be termed an accumulation of electricity at the ends of 
the interrupted indueing current, as well as a similnr accumula-^ 

* For the same leason a fomer experiment of mine failed. I there at- 
tempted to generate a strong induction current by continually rev^crsing 
the magnetization of the soft iron core of the appai'atus. It is easy to 
produce this reversion without interruption. For this purpose it is only 
necessary to keep one wire of the primary coil continual^ connected with 
one galvanic element, and to connect the other, in opposite direction, with 
a battery consisting of two such elements, and contimuilh- interrupted by a 
Neefs Hammer. This combination, however, did not produce tlie intended 
result, hecsnse within the indnctioa coil a cu-cuit closed by a good cou- 
ductmg hquid w«i always present. 
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tion at the ends of the induction wire : both are produced by 
the resistance which the air o|)p()>es to the. passage of electricity. 

The first -mentioned accumulatit)ii is now prevented by Fi- 
zeau's happy idea of employing a condenser, for by it the accu- 
mulated electricities can flow quickly out of the inducing wire, 
without a closed circuit bcinp: formed. 

The quuuiity of electiiciiy m tiic induction wire is not in- 
creased by the condenser. This is easily shown by closing the 
induction circuit after introducing a magnetometer into the same. 
The demtions which are obtained in the latter instrament at 
each time of opening and closing the indacing current are not 
only equal to one another, but are as great without the condenser 
as with it*. 

The generation of electricity in the induction wire at the 
moment of breaking the inducing current is, however, accelerated 
by means of the condenser, and consequently the tension of the 

* From the following considerationB it is well known thst the eomlity 

of the quantities cf electricity which arc generated may be ooucluded from 

the equality here mentioned. If, at one time, thrtnigh a section of the 
wire, II quPTitity of electricity equal to unity ])asscs in the vinf of time, so 
that an uituu;»ity uf current and a deviation, each e(jual to uiuiy, aie ob- 
tained; and if> at another time» the unit of electricity passes through the 
same section in ten units of time, the intensity of cun'ent will bo equal to 
one-tenth, ,'ind consequently the deviation in the unit of time wdl be one- 
tenth', therefore iu the whole time it will be =10't^, that is, it will be 
a^n =lj provided, of coiu-sc (whfch has been assumed throughout), 
that the whole time of passage is so small iu comparison to the time of 
oscillation of a magnetic needle that the single impulses will strike the 
needle in about the same situation, that is to say, not far distant from its 
position of rest. 

It is otherwise with the quantities of heat whieh are developed at the 
opening and closing of the circuit ; inasmuch as these are proportional to 
the souares of the intensities of the funrtif, riTiil Tiot (like the deviations) 
directly ])roportional to the snme, we caimot conclude the equality of the 
quantities ot heat from the equality of the quantities ofclectriaty whieh are 
gjBtterated, unless the times in which they are generated are also eijual. 
For example, if at one time through a certain section theuniV of electricity 
passes in the unit of time, so that an intensity of current and a quantity of 
neat, each equal to unity y are obtained; and if at another time through the 
same section the unit of electricity passes in the time ten^ then the inten- 
sity of current will be equal to me-tei^h, consequently the quantity of 
heat generated in the unit of time will be =t^. ^nd m the whole time of 
passage will be =ilO'y^=^\f, therefore it will be ten times smaller; that 
18> inversely proportional to the time of passage. 

Henee, a the equality of the quantities of ^ctridty which are generated 
be proved by means of the magnetometer, the relation between the times 
of generation may be detennincd by means of the electric thermometer. 
Instead of the latter instrument, the electric dynamometer, which W. 
\V eber has already employed for such determinations (Pog^. Ann. vol.lxxiii. 
p* 215), could be usea. Even a galvanometer with a soft iron needle would 
qe^ennine, appiozinuKtdy, the duration of tiie times of geneiation. 
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generated electricity is thereby iiieronst rl. Hence a pole of tlie nn- 
connected induction current acts upon the rlectroinptrr at a much 
greater di^^taiicc; when the condenser is L'liijtloycd lhaii when it 
is not. From this it follows, that when the likis or poles of the 
induction wire are separated by a certain thickness of air, the 
sparks which brrak throiiirh it are increased in number when a 
condenser is employed^ indeed, many sparks appear when this 
distance betvv( < 11 th(; poles is so great, that, without a condenser, 
not a single one would be visible. The condenser, therefore, 
actually increases that part of the electricities which equalize 
themselves at the poles, or are set in circulation, when the induc- 
tion wire is interrupted by air. 

This is also proved by the galvanometiic deviation, which, 
under these circumstances, is increased ; whilst, as has before 
been mentioned, it is not changed by the condenser when the 
metallic continuity of the wire is unbroken. It is aigo proved 
by the decomposition of water which is effected by the indnction 
eurreiit when broken by air ; for this action is also increiised by 
the condenser. 

What has here been said of tensions, sparks, deviations, and 
decompositions, is also true of the physiological actions, — of the 
shocks which are received when part of the body is introduced 
into the circuit. These are also increased bj the eondenser. 
Not only is the action of the external or aetual induction emrent 
more intense, but that of the inner or extra current is also in- 
creased. I have convinced myself of this in several ways, the 
least painful of which was the following. Two platinum plates 
were placed in spring-water, and connected either with the poles 
of the induction coil or with the hammer on each side of the 
point of interruption. If the finger be immersed in the water 
between the plates, the effect of introducing the condenser can 
be observed without pain. The action is increased with the 
quantity of the current, as Faraday terms it. With tiie thin 
induction wire the action is exceedingly weak, stronger with the 
tliick induction wire, and most sensible with the still thicker 
wire of the extra current. 

These experiments induce mc to believe that for most of, if not 
for all, the medical applications whieh are now so frequently made 
of the apparatus, the induction coil is quite superfluous, for the 
extra current can easily he made SQ strong ttiat no pAtienl; woi^d 
be able to bear its effects. 

Certain it is that the action of the condenser is strengthening 
only when, between the poles, there is a resistance to overcome. 
The more this resistance is diuuuished the less the action of tbe 
condenser. On this account its action is much stronger with 
sparks in free air than with the luminous phtenomena in the 



electric egg. The more the latter is exhausted the less the effect 
of the condenser, which effect disappears altogether (as in me- 
tallic ocmtact) when the exhaustion is carried to a line^ or less^ 
of mercury pressure ; provided only that tlie induetion current 
itself is siiuBoiently intense. For a similar reason an induction 
ooil which possesses a short wire produces much weaker sparks 
in free air than one with a long wire ; whereas with the former 
the luminous phssnoroena in a well-exhausted electric egg are 
▼ery little less developed than with the latter. I observed this 
with the induction wire only 1200 feet long. 

Fiieau does not appear to have thoroughly understood the 
action of the eonden^^ier. Amongst other things^ in order to 
explain the action of the iuBtrument^ he only considers a single 
inteiruption of the inducing current, consequently only a single 
charge of the condenser^ and never mentions what further occurs. 
But it is evident, in order that the condenser may continue to 
serve its purpose, it must be discharged beibre every interruption 
of the current ; and this actually takes place ever}' time the cir- 
cuit is closed after it has been broken. At both these times 
sparks are visible; in fact, when a condenser is employed, NeePs 
hammer occasions a double series of sparks, which, although they 
cannot be separated by the eye, owing to their quick succession, 
are nevertheless distinguishable in character. The spark, on 
breaking contact, is always weakened by the condenser, and the 
degree in which it is so weakened may be considered as a mea- 
sure of tlie condt iistr\s action-^'; but the spark caused by its 
discharge is proportionally strengthened. 

Thus it appears, that, by tlie addition of a condenser, the 
luminous pJuBiwmena at the hammer are, according to circum- 
stances, apparently tmchnufjedy increased, or diminished. For 
example, when a double wire around the primary coil was em- 
ployed, together with a soft iron core, and a battery of two of 
Grove's elements, the introduction of the 8 -feet condenser caused 
the luiiiiuuus ph<«nomenon at the hammer to decrease ; wiih the 
2-feet condenser it was, on the contrary, increased, without any 
particular change in the sparks of the induction coil being per- 
ceptible in the two cases. By employing one of Grove's elements, 
with which the sparks at the hammer are always weak, and are 
9KM further weakened by the condenser, the discharge sparks 
are sciureely perceptible, ^though they can beAtfari^,andby their 
irregular and somewhat sonorous stroke they can he easily distin* 

* When the metsUis eouttnuity of tbe induction circuit is unbroken, 
the sparks at the hammer nve nlvvays considerably diminished. Even when 
the induction cin^uit is interrupted by a stratum of air so thin that the in- 
d)iction sparks lurm a c-untinuous hue, the sparks at the hammer are always 
dimimshttd. 
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goished from the regular beat of the hammer. On the contrary, 
b^ employing a strong galvanic current, these sparks are quite 
visible; they are more steady than the interruption sparks, emit 
a very clear light, throw out smaller sparks, and, with conden- 
sers of small dimensions, assume the appearance of a small £ame 
breaking forth from under the hammer. This is a consequence 
of the great intensity of the current, which has also the effect of 
fusing the platinum extremity of the hammer, even when the 
same is 1 millim. thick, and soldering it to the anvil, so that the 
action of the instrument is arrested unless the small electro- 
magnet has sufficient power to overcome the solder. The latter 
always occurred when a current from one of Grove's elements 
was conducted through the wire 400 feet long and two-thirds of 
a millim. thick. 

Hies?; found that this fusion could be avoided by using a long, 
tbii), Oprman silver wire to connect the condenser with the 
hammer, and thus throwinjr a body of great resistance into the 
circuit. The discharge sparks, iiowever, ai*e thereby merely 
weakened; they can still be observed by employing the current 
from a battery of two elements, even when 120 or 130 inches of 
German silver wire, 0-4;5 millim. in thiekucss, are introduced 
between the condenser and the hammer by means of the rheo« 
chord, and it is at the same time indifferent whether the current 
traverses the wires of the primary coii side by side or one after 
the other. 

Further, the action of the condenser upon the induction cur- 
rent is weakened by so great a length of German silver wire, as 
may be best seen by the luminous pha^nomcna in the electric 
egg. This is most perceptible when the wires of the primary 
coU are traversed side by side', when they are arranged one after 
the ather, no dimmution in the action can be detected, even 
when 150 inches of German silver wire are iised. In the latter 
case, however, where the interruption at the hammer is scarcely 
perceptible, the luminous phsenomenon in the egg is, without a 
condenser, somewhat different to what it is in the first case; it 
is more compact, and more like that which is caused by the ad- 
dition of a condenser. 

The interruption sparks as well as the discharge sparks attack 
the hammer strongly, and pulverize the parts which beat against 
one another to a black powder. It is a remarkable fact, which 
has never yet been sufficiently reconciled with the action of a 
pure voltaic current, that here, where an induction current (an 
extra current) also acts, the negative pole is most heated, and 
that a transfer of platinum from this to the positive pole is the 
consequence. If the|^tinim end of the hammer be connected 
with the neffaiive or ztnc pole of the battery^ and the tongue with 
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the positive or platinum pole, the first only will wear away; and 
on the plate of the tongue an eminence of fused platinum wiU 
be formed, so that in time tin? platinum end of the hiinimer and 
the tongue touch one another. I always adopted this kind of 
connexion, because it is much easier to replace the platinum end 
and file the eminence down^ than to fill up the holes which^ in 
the opposite ease, would he humt into the plate. 

Fiieau has already remarked, that the eondenser may, to a 
certain extent, be replaced by a wire of sofficient intensity con- 
necting the vibrating parts of the hammer. I have tested this 
substitute and found it to be but an imperfect one, probably 
because the circuit always remains dosed. On this account I 
was led to the construction of the hammer before described, by 
means of which the interruptions of the current can be effected 
within a liquid. In order to study the action of this instru- 
ment, several liquids of verv^ diflferent conducting powers were 
employed, — dilute sulphuric acid, spring tmter, alcohol of 0*863 
tpec. grav,, and oil of tttrpentine. With sulphuric add the instru- 
ment had no strengthening influence whatever upon the induc- 
tion current, and that clearly on account of its great conducti'* 
bility, w^hich had also the effect of producing a copious decom* 
position of water even when only a single Grove's element was 
employed, and thereby causing hydrogen , in accordance with the 
direction of the current, to be liberated at the pin in connexion 
with the zinc. With oil if turpentine it had also no effect, and 
evidently for an opposite reason, viz. the complete absence of 
conductibility. On the contrary, with alcohol, with spring water, 
and particularly with distilled water, the instrument had a strong 
action, though still inferior to that of the eondenser. It was 
interesting to see how a single drop of water, placed between the 
vibrating parts of the cuneut-breaker, immediatelv caused a 
vivid stream of sparks between the points of the discharger, 
even when the distance between these points was so great, that, 
without the drop, not a single spark would have appeared. 
Water, alcohol, and oil of turpentine, however, all suffer decom- 
position between the parts of the current-breaker. With Water 
this decomposition is electrolytic, with oil of turpentine it is 
electro-thermic (so termed by me in a memoir published in 
1847*), that is, it is produced by the heat of the interruption 
spark; and lastly, mm alcohol the decomposition is a mixture 
of both the former. 

The superiority of the condenser, when compared with any of 
the above liquids, is best proved by combining it with the cur- 
rent-breaker when it is playing in water, alcohol, or oil of tur- 
pentine; a strong stream of sparks is immediately produced 
* Poggeudorfs vol. xdv. 
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between the poles of the induction wire, apparently just as strong 
as when the current-breaker works in air. This combination is 
further interesting, because it furnishes an opjjortunity of more 
nmiutely obser^'in^ the discharge sparks. They are here parti- 
cularly strong and brilliant; they spurt and hiss, particularly in 
alcohol and oil of turpentine, and they pulverize the platinum to 
a black powder, so that in a few moments the liquid has just the 
appearance of ink. The last also takes place without a condenser, 
but much more slowly and less intensely. 

Tkird em^.'^IiUemqttum qfthe Induction Current by hmktorit 

When a glass plate is placed across the stream of sparks pass- 
ing between the poles of the apparatus, it almost entirely causes 
their cessation, provided that the poles consist of wires more or 
lees pointed at their extremities. It is otherwise when the poles 
consist of plates. For example, if a square copper plate con- 
neeted with one of the poles be plaeed upon the table and covered 
with a glaes plate ; and if upon the latter a seeond, smaller, round 
eopper plate, connected with the other pole, be plaeed, a diuable, 
loud, crackling noise will be heard as soon as the apparatus is 
set in activity \ and if the experiment be made in the dark, the 
•mall round disc will appear surrounded by a halo of electric 
light, consisting of an innumerable number of small sparks in 
unceasing motion. The smaller the round plate, the broader 
the halo. On the lower great plate, which in this case was 3 
inches square, no illumination was visible, although the glass plate 
projected more than half an inch over it on each side. It is of 
no importance with which pole the one or the other plate may 
be connected : it is always the smaller of the two around wlioso 
edges the halo is visible. If the latter be moved about over the 
surface of the glass platr, so that only a part of it remains ver- 
tically above the lower metal phite, it is only this part winch is 
surrounded by- sparks. If both metal plates are of tho R^ime 
sixe, and the upper one is placed exactly abo\ c the lower one, no 
halo is visible. When viewed from one side, however, it is evi- 
dent, from the illuminated parts where the metal is accidentally 
not in perfect contact with the glass, that from both plates in- 
numerable small sparks pass vertically to the glass. 

Instead of one glass plate, a number of such can be placed 
between the metals. I took live, whose total thickness amounted 
to half an incli, and a rim of sparks was always visible around 
the upper cii'cular plate. This rim was cei tainly not so brilliant 
as with a single glass plate ; but, oa the other hand, with live 
plates the limit was not reached at which the halo completely 
disappeared. To increase the number of glass plates, hoifcver, 
seemed the more unnceciiaiyy as the dialiiice of hafr an inch 
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was already considerably greater than that at which spailcB would 
pass between the metal platea when they were alone in air with- 
out the intervention of glass. 

The influence of the glass in transmitting the action of induced 
electricity was con*?ofjnently plainly proved. The following ex- 
periments will furnish additional evidence of this. The upper 
round cnpppr plate was kept insulated, and held at a distance of 
7 milliiiis. from the lower plate on the table. Now and then a 
single, hroad, short spark darted across where thf distance be- 
tween thciu was least, for without great caTc tlie upper plate 
could nut be placed exactly parallel to the lower one. 

A glass plate,, 4 millinis. thick, was now placed upon the lower 
metal. luHuediately a perfect shower of small sparks tell from 
the upper ])late upon the glass. This change in the naUirc of 
the sparks did not, as one might imagine, arise from the fact 
that the distance was now diminished to 8 millims. ; for when 
the lower system was inverted, i. e. when the glass plate was 
laid upon the table and covered with the copper plate^ the sparks 
between the latter and the upper plate were again of the same 
kind as before, although, of course, smaller and more frequent 
than at the original distance of 7 millima* ' 

The above-mentioned diange, therefore, is an effect of the 
glass ; and this is also evident when the latter does not at all 
touch the metals, but is held in free air between them. Small 
sparks are seen to spring from both metal plates towards the 
glass, at distances where, in absence of the latter, no sparks 
would appear. 

The same eflfects are produced when other insulating snbatenoea 
are used instead of glass, e, g. plates of marble, gutta-pefcha, 
broad columns of liquids, such as distUled water, alcohol, or oil 
of turpentine, enclosed between glass plates. The electrometer 
proves that in all these cases the insulating substance receives 
no, or only a very weak and indefinite, permanent charge. 

A pointed copper wire was now substituted for the small, 
round, copper plate, and, like it, connected with one pole of the 
induction coil. When held at a distance above the greater plate, 
the point of this wire appeared luminous in the dark i the weaker, 
of course, the greater tne distance. With the power employed 
by me in all these experiments, viz. that of two of Grove's ele- 
ments in combination with the shorter of my induction wires, 
the Itnninosity at the distance of 2 inches was so weak that it 
w;is sr iii cclv perceptible. If now, wlien the wire is held at this 
limiting distanrc, the above-mentioned system of glass plates, 
half an inch ui thickness, be laid upon the lower plate, the lumi- 
nosity of the point will immediately be again distinctly visible; 
it increases the nearer the pomt approaches the glass, until, at a 
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distance of a few lines, a stream of unbroken weak sparks de- 
scends. If the point is made to approach still nearer, until it is 
about a quarter of a line distant, the sparks will not only be 
clearer, but will disappear in all directions upon the glass, thereby 
forming a vein-like figure, similar to that of Lichtenbcrjr^s, with 
positive electricity. No dilFerenee could be observed in the form 
of this figure when the point wa.^ either positive or negative, 
except, perhaps, that with a positive point the figure ajipeared a 
little larger. Of course? it is more perfect and beautiful when 
the copper plate is covered with one thin glass plate instead of i 
mthfive. It may aho be remarked, that even when both poles 
of die inductioii coil are pointed, the action is not altogether 
intemipted the intervention of a glass plate. On the con- 
trary, tJie pemta appear luminous in the dark, and emit phos- 
phorescent sparks. In air rarefied to about 6 or 8 inches of 
mercury pressure, the vein-like figure appears well developed 
on both sides of the plate, the rays being more than an inch lon^. 
By further rarefiEu^on the usual phsenomenon occurs, the posi- 
tive flame curves itself around the glass and forma a brilliant 
luminous arch. 

It is interesting and instructive to examine these phienomena 
in their reaction on the induction current. 

When two glass plates, about a square foot in magnitude, 
are each coated on one side with tinfoil and placed with their 
uncoated sides in contact, and the coatings afterwards put in 
connexion with the poles of the induction coil| a continuous 
crackling noise is heard so long as the apparatus is in activity, 
and in t£e dark the whole intermediate space between the plates, 
as far as the coatings extend, is seen to be filled with innu- 
merable microscopic sparks. A piece of iodide of potassium 
paper placed between the plates is coloured brown, on each side 
equally. If the system is withdrawn from the apparatus durnig 
its activity, and then tested, by means of the wire connecting one 
coating, tor a charge, a very weak one will sometiTncs be detected, 
tlioui^h oftener none whatever. This is equally the case w hether 
the poles have actually touched the coaLiims, or whether they 
have been separated from them by a small stratum of air, so that 
sparks might pass from them. It is exactly the same with a 
Leyden jar. In both cases it will either receive no charge at all 
or only a very small one, howev( r long it may have been exposed 
to the current. Even when sparks are taken irum one pole upon 
the knob of the jai", whilst the outer coating and the other pole 
are connected \Anth the cartli, it scarcely receives any charge at all. 

If, however, whilst the apparatus is in activity, and its poles 
are either connected with the coatings of the jar or send sparks 
to them, a wire be connected with one coating and held suffi* 
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Ciently near to the other, broad, loud sparks will be obtained, 
which far surpass tlic thin induction sparks in splendour and 
strei^th, although they are inferior to them in length. This 
difference in the sparks is most perceptible when the poles are 
within the spark-distanoe from the coatings; three aeries of 
sparks are then obtained^ of whieh two charge the jar and one 
discharges it. It is evident that charges and discharges are here 
onl^ apparently rimoItaneonB ; actually, they follow one another 
at intervals too small to he recognised by the eye*. 

A curious modification can be made in the experiment, by 
connecting the discharging wire not immediately with the coat- 
ings of the jar> hut at any points of 
the wires which connect the jar with 
the poles. Let P and N in the ad- 
joining figure be the poles of the 
mduction coil FN, a and b be the 
coatings of the jar, and Vb and Na 
the wires connecting the same with 
the poles ; the discharging wires can 
be connected at any points ee of these 

latter wires; indeed they may proceed firom the poles P and N 
themselves, and the intense discharge spark will be obtained at 
the point of interruption dd. But, of course, these sparks will 

be weaker the longer the paths acd and hcdy or, more correctly, 
the more resistance these paths oppose. If wires are here in- 
serted which are equal in length or resistance to the induction 
wire itself, then all difference between tlic discharge sparks and 
the induction sparks vanishes. Crrfrris paribus, the discharge 
sparks are stronger the more powerful the battery and the 
smaller the charged surfaces, as might be predicted from the 
former experiments of iiiess with jars laden by the electrical 
machine. 

AA'ith respect to the reason why the induction current fails 
permaiKmtly to charge a Ley den jar, even when the former acts 
only by means of sparks, I was at first inclined to believe that, 
in consequence of a transmitting action of the glass, a discharge 
took place ; the phrenomena with the glass plates coated on one 
side seemed favourable to thi:^ opiiiiuii. 1 have since conviuctd 
myself, however, that the cause is rather to be sought in the fact, 
tliAt, under all circumstances, even when no second connexion is 
present, the jar is always discharged again by the induction wire 

* This ubservation was communicated by me to the Berhn Academy, on 
the 7th of December, after I had commnnicated it aome weeks mrevions to 
a few friends. Since then the phsenomcnon has been dcscribea by Grove 

in the Januar}^ Number of the Pliiloso})liical "M.i^a/ino During the ])ub- 
lication of the ])respnt Tnemoir, 1 lun e nlso learned that it was known to a 
few persons in Beriiu early as last summer. 
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itself. The proof of this lies in the fact, that the current of 
the induction wire always passes to and fro, even when its poles 
do not touch the coatings^ but send sparks to them across 4 
stntum of air; in the latter caae, indeed, k ia the current con* 
aequent upon breaking the inducing current which alone oidl- 
latea. If behind the Levden jar or the coated glaaa plates^ a gal- 
vanometer be introduced into the circuit, no deviation ia obtained; 
whereaa this never faila when the induction current ia aiinply 
internipted by a thickneaa of air acroaa which aparka can paas*!** 

Thia to^ana-fro motion of the current ia atill more perceptibly 
and beautifully shown by meana of the electric egg. So long as 
it is alone in the circuit, the knob connected with the negative 
nole is the only one which ia aurrounded by the well-known 
beautiful blue hght ; but as soon aa the Leyden jar or the coated 
glass platea are also introduced into the circuit, both knobs ap- 
pear blue^ and when the vacuum is tolerably good, the poaitivia 
fiame ia also visible above the blue light ; not, of course, beoauae 
two opposite currents simultaneously traverse the partial vacuum, 
but because they follow one another at such short intervals of 
time that the eye is no longer sensible of the changesf* 

Insulating liquids, such as oil of turpentine, when placed be- 
tween platinum })lates and introduced into the circuit, produce 
the same efff^cts as the Leyden inr. 

The expcruiicuts with the egg are very instructive, especially 
when a second circuit also exists. When it is introduced into 
the primary circuit Vc or Nc, or into the branch cc at the point 
dd, only one knob i^^ blue. When it is introduced in ca or cb, both 
knobs are covered with the blue light. 

It is worthy of mention, that the jar fib has no influence upon 
the luminous phsenomenon in the branch cc, provided the egg be 
well exhausted, and the induction current itself be sufficiently 
intense. If air is allowed to enter, however, or if the intensity 
of the current is diminished, by substituting a long lur a short 
induction wire or by dispensing with the condenser, then the 
introduction of the jar at ab augments the luminous phsenomenon 
at dd, though in a mnch less degree than with sparks in free air. 

* If» instead of the coateU glass platea, an oiled 8ilk condenser is intro- 
dtioed into the induction circuit, a eoniannout crackliug \& heard, bnl at ^ 
same time a strone deviation is obtained when a galvanometer it also intro- 
duced. The crac-KHii[j in tliis case, therefore, is caused hy nii nrtual 

rassage of electricity, by the bieaking through of sparK-^. At tii st, when 
employed a condenser whose coated surfaces were separated iiom one 
another by a double layer of paper, covered ou'Caeh aid« with amber 
varnish, I obtained the pbecnomena of the glass plates. 

t As Riess has already shown (Pogg. Ann. vol. xci. p. 290\ tlie same 
opti( al illusion is obtained when, by means of tlio pin already described 
(Phil. Miig. vol. X. p. 6), the galvanic current in made to traverse the in- 
ducing wire alternately in opposite direetioDS. 
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Mixpd Cases, 

By mixed cases I understand those wherein a l)i;inehed com- 
munication exists between the poles of the induction wirc^ and 
where each branch presents one of the before-mentioned cases. 
We have jusit considered a combination of the second and third 
cases, wherein one branch was nUerruptrd by air, and the other 
contauied an inMiilating body. A combination of the first and 
third does not apjicar to proiuiBc much interest; consequently 
with two branches only, we have but to^consider the combination 
oi the first and ^second cases. 

When cc is an imbroken metallic circuit, and instead of 
tlic jjir a well-exhausted egg is introduced at ah, no light ap- 
pears in the latter as long as the wire presents a less resist- 
ance. If the resistance be increased, however, either by using 
a longer or a tbinner wire, the cnmnt divides itself between 
both cireuits, and the egg becomes Imninoiu* In general 
tbia division evidently takea place according to tbe same laws 
wbieb bold for tbe galvanic cnmnt, and donbtlesa if the resiat* 
ances in the primary and branch eircnits, as well aa the electro- 
motive force of the induction were known, the intensity of tbe 
induction current in both branchea eonld be expressed by tbe 
same or similar formulae to those used in galvanism. The phi^ 
nomena are here more complicated, merely because the induction 
apparatus furnishes two alternating eurrents of opposite diree* 
tions> of \?hich one has not the ^wer of passing through the 
egg. Through tbe primary drcuit Fc or N<; both currents pass 
alternately and with equal intensity; through ca, be the current 
at breaking contact alone passes; and again, through ee both 
currents pass, but with unequal intensities, for the current at 
closing is greater than the current at breaking contact, because 
a part of the latter has passed along ca, be. Hence, when the 
galvanometer is introduced into Pc or Nc, no deviation (or an 
ambiguous one when the current is suflRciently intense) is 
obtained; in cb or ca a deviation eorresponding to the current 
at breakintr c(jntact is found; and ui cc the deviation r>y?/>05?7<? 
to this, corresponding to the current at making contact. These 
phifcuomena were very distinct ^vhen one of the 10,UOO-feet 
wires was employed to generate the induction current,, and the 
other to make the branch cc. They were also evident, though 
accompanied with far less light in the egg, when cc consisted of 
the wire 1200 feet long and 0 25 millim. thick. 

MiiceUaneom Phmomtna, 

Many very instructive experiments can be made with two or 
jnore inatrumentsj of which the following may be mentionad. 
The induction current can be mitea in one appantus and 
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conducted through the coils of the other, in order to study the " 
influcnre of increased resistance upon the sparks and luminous 
phrr Liomena in general. For this purpose I conducted the current 
of the shorter of my induction wires through the 20,000 feet of - 
Wire in the other two coils. The sparks were smaller and less " 
brilliant, but there was no perceptible diminution in the distance • 
at which sparks could be obtainod. The additional introduction 
of twelve beakers full of water, and coimeeted by platinum ai*ches> ' 
did not alter this result. ' ' • 

This corresponds perfectly with similar pheenomena in frictioual 
electricity, I'urmcrly studied by Riess. Nevertheless, as far as ' 
my own experiments are concerned, I am inclined to doubt 
whether the tension is the same at all points of the long and . 
well-insulated wire circuit ; for when I loosened one end of this ' 
circuit from the aoiive indnetion eoilj and by means of anoUier 
ynxe, led it alongside the other end of the drciiit near to tfate 
pole with which it was still connected, sparks were visible • 
between them when the other pole was connected with the earth* 

The instraments can be connected alongside one another, or 
one before the other, in order to study th^'infittence of the ihi(Bk«> ■■ 
ness and length of tiie wire. 

I had here an opportunity of testing an assertion of Masson's. - 

This physicist states that when two induction instruments are ' 
placed alongside one another, but in opposite directions, and are ' 
thus connected with the electric egg, both eleetric lights, the blue- ' 
glimmering light and the positive flame, are simultaneously seen 
upon each knob'i'. From this he arrives at the strange conclu- 
sion, that rarefied air possesses the property of simultaneously 
conducting two electric currents of opposite directions. I ob- 
tained a different and far more natural result, ?is. that under 
the circumstances no light whatever is visible. Masson was 
probably led to his conclusion by allowing two complete instru- 
ments to work against one another, and it is more than probable 
that the strokes of the hammers of both i^i^^truments were not 
cxHf'tly isochronous and synchronous. The {)b;t nomcnon observed 
by ium would then be a natural consequence. iSucli could not 
be the case in my experiment, for the inducing wires of both 
coils formed, one after the other, a single circuit, which was 
broken by a single hammer. 

In conclusion I will notice a combination, the experiments • 
with which are calculated to fLuiiish liidications lelative to the 
consUuction of such appai'atus. 

Two instruments, A and B, were so combined that the current 
* Compter Jtieiidm, vol. xxxvi. p. 256, ami vol. xxzvii. p. 849. 
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traversed the two primary coils one after the other, the inductioa 
coils, however, were separate, and A was allowed to orivc sparks, 
whilst B retiiaiued unclosed, and withont a soft iron core; the 
introduction of the latter into B weakened the sparks of A, and 
the subsequent metallic closing of B reproduced their former 
strength. From this it follows that two complete instruments, 
combined one after the other, mutually disturb one another, and 
the total effect is in)t equal to the sum of the effects which each 
would produce wiili the same intensity of galvanic cui rcut. 

i'urther, if the above experiment be modified so that the 
current traverses the primary coils of A and B placed alongside 
one another^ then the insertion of the soft iron core into B 
increases the sparks of A, and the suhsequent metallic closing of 
B again destroys this increase. 

Henoe^ when many induction coils are connected one after the 
other, 80 as to form a single coilj it is advisahle to allow the cur- 
rent to travme the primary coils of these instruments side by side* 

With respect to the cause of these phienomena> it is no doubt 
to be sought in the extra or inner induction current. The outer 
induction current^ with which we are at present solely concerned 
and which is produced by breaking the inducing current, has the 
same direction as the lattrr ; whereas the extra cuiTcnt, which is 
' at the same time excited in the inducing circuit, developes a 
contrary current in the induction wire, whose tendency is to 
weaken the first induction current, and the more so the stronger 
the extra current, which latter is especially strengthened by the 
soft iron core. 

Consequently, when the primary coils of A and B are con- 
nected one after the other, it is clear that the insertion of the 
soft iron core into that of B will strengthen the extra current in 
that of A, and therefore weaken the induction current of the 
latter instrument. 

By connecting the instruments su'e hi/ side, a closed circle is 
at once formed by them, and the extra current produced by the 
insertion of the soft iron core into B acts against that in A, and 
may therefore, when botli are equal, completely neutralize it, 
when the outer induction current of A will be necessarily 
'strengthened. Without the circle formed by this combination, 
t. e. in the wire leading back to the voltaic battery, the two extra 
currents act, of course, in the same direction and strengthen one 
another, in consequence of which the sparks at the current- 
breaker are still very active. 

By the metallic closing of B, the action of its soft iron core 
only will be neutralized. Metallic coverings act similarly, though 
under certain circumstances they may also act in an opposite 
manner* 

FhiL Mag. S. 4. Vol. 10. No. 64. Avg, 1865. L 
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April 36, 1855.^Sir Benjamia Brodie, Bart. V.?., in tfaexChair. 

THE following papen were read: — 
" 8ome Observations on the Ova of the Salmon, in relation tor 
the distribution oi Species ; in a letter addressed to Charles Darwin. 
Esq.. M. A., V.P.R.S. &c/' By John Oavy, M.D,. F.B.S6. Lood. 

k Edinb. 

In this ]->aper the author describes a series of experiments on the 
ova of the iSalmon, made with the intent of ascertaining their power 
of endurance under a variety of circumstances without loss of hfe, 
with the expectation suggested by Mr. Dur win, that the icsuIls might 
possibly throw some light on Uie geogra^oal distribntion of fishes. 

The details of the experiments are given in five sections. The 
results obtained were the following : — 

1 . That the ova of the Salmon in their advanced stage can be ex- 
posed only for a short time to the air if dry, at ordinary tempera- 
tures, without loss of life; but for a considerable time, if the tempe- 
rature be low, and if the air be moist ; the limit in tiie former case 
not having exceeded an hour, whilst in the latter it has exceed^ 
many hours. 

2; That tiie vitality of the ova was as well preserved in air satn* 
rated with moistarci as it would have been bad they been in water. 

3. That the ova may he included in ice without loss of vitality, 
provided the temperature is not so low as to freeze them. 

4. That the ova, and also the fry recently jiroduced, can hear for 
some time a temjierature of about 80^ or ?^t>*^ in water, without 
materially sutiering; but not without loss of life, if raised above 84° 
or 85°. 

5. That the ova and young fry are speedily killed by a solution 
of common salt nearly of the specific gravity of sea^water. viz. 1026; 
and also by a weaker solution of specific gravity 1016. 

I^ally, in reference to die inquiry regarding the distribution of 
t|ie species of fishes, he expresses his belief that some of the results 
may be of useful application, especially those given in the second 
and third sections; inferring, that as in moist air, the vitality of the 
ova is capable of being long sustained, they may during rain or fog 
be conveyed from one i iver or lake to auutiier udhering to some part 
of an animal, such as a Heron or Otter, and also during a time of 
snow or frost ; and, further, that other of the results may be nselbl 
towards determining the fittest age of ova Ibr transport for the pnr- 
pose of stocking rivers, and likewise as a help to explain the halntats. 
and some of the habits of the migratory species. 

"Observations on the Anatomy and Affinities of the VhyUirrhol^ 
hucephala (Peron).'' By John Denis Macdonald, Esq., As* 
listant-Surgeon of H.^SI.S.V. ' Torch.' 

Ab the true position of Peron's genus Fi^Uirrho^, and even Ukf 
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vary existence of the animals composing it, have been matters of 
doiibt to soologists, during a late cruise to the Fiji Islands I deter- 
mined to ply the towing-net with a Utde more diligence than usual, 
hoping to obtain a few of these almost hypothetical beings, and was 
rewarded by the capture of many specimens. 

Some were taken in the neiglil)ourhood of I^ord Howe's Island, 
S.lat. 31° 31", E. long. 159" 5", some near Norfolk Island, S. lat. 
29° 2", E. long. 168° 2'', and others, although in smaller numbers, 
in tiiiierent parU of our track. They generally made their appear- 
ance after dusk in the evening, and presented a great diversity in 
sue, fom and other external characters, which is doe to changes la 
the muscular system* a variable amount of pigment-spots, &c. In- 
deed at first I fully believed that several distinct species had been 
brought up together, but this idea was abandoned when I observed 
the most dissimilar forms gradually assume so close a resemblance 
to each other, as ultimately to render it difficult to distinguish them. 

From these facts I am much inclined to think that the three spe- 
cies described by Quoy and Guirnard, viz. P. amboinensiSt P. punc- 
tuiata and P, rubra, P. Lichtensteinii {Eurydice Lichtensteinii ui 
Eschsoholta) and P. rosM of D'Orbigny, are all referable to Peron's 
original spedes P. Iwitpkeia* 

The body of Phyllirrhoe is elongated in form and compressed 
]ateraUy« presenting for description an anterior and posterior ^tre- 
mity, a right and left surface, and a dorsal and ventral border. The 
head is surmounted by two lengthy, somewhat flattened and acumi- 
nate tentacula; the eyes lie beneath the skin, not being visible ex- 
ternally, and the mouth is in the form of a short truncated })roboscis, 
with a vertical opening. Tiie oval-shaped body is uu an average 
about one indi and a half in length, which is sonkething over twice 
the measurement from the dorsal to the ventral border taken at the 
middle or broadest part. The tail is quadrilateral in figure, gradu- 
ally widening towards its posterior border, which is exceedingly 
thin. The outer integument is perfectly transparent and lined by 
muscular bundles, disposed longitudinally, and somewhat more than 
their own breadth apart, lliese communicate with one another by 
oblique branching slip?!, which thus form a kind of network enclosing 
long iosenge-shaped spaces. Here aud there ueive- trunks ut eon- 
siderahb siae accompany the longitudinal bundles, dividing off into 
smaller twigs* which distribute themselves at pretty equal distances 
in a direction more or less perpendicular to that of the muBcolar 
fibres. Scattered about at irregular intervals amongst these struc- 
tures are numerous reddish-brown pigment-spots, in the centre of 
each of which a clear vesicle is generally distinguishable. As above 
alluded to, the actual tint of this pigment, and the relative number 
of s]jots deposited within a certain space, determine both the general 
quality aud tiic depth ui colour which are iuund to vary so much lu. 

different specimens of Ph^lUrrkoS. 

I'he alimentary canal tide creature connsts of a muscular tube 
Uped with miicQus membrane* extending without flexure from the 
amtiivto tha vent. It oomm^Mat anteriorly in an oral dilatafcion^ 

La 
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in connexion with which we notice a pair ot lateral homy jaws arti- 
culated with each other superiorly, and beset with very minute and 
aharp-pointed teeth idong the cuttiDg edge, altogether much resem* 
bUog thoee of Glaucu9, aad a lingual ribbon gradually increasing in 

diameter from before backwards* and supporting a pavement of long, 
ooxucal, flattened and gracefully curved teeth with fine denticula- 
tions at the base. The central series of plates being symmetrical, 
the large tooth in each takes up a middle position, but in the lateral 
plates it inclines to the Iniu r side. In some examjiles I have ob- 
served certain lobuiutccl bodies lying in contact with the buccal 
mass, and which I am disposed to regard as salivary glands. The 
oesophagus is short, and suddenly expands into a moderately large 
stomach ; and the latter, having received the biliary ducts near its 
posterior extremity, is continued into the rectum, which passes 
directly backwards some little distance, and ends in the anus, on the 
right side of the body, at the union of its posterior and middle thirds. 
The liver in PhyUirrhot consists of four elongated, tubular, and sac- 
culated portions or lobes, disposed along the borders of the body, 
two iyiiig above and two below tiiu alimentary canal. Each of the 
superior hepatic glands opens by a distinct duct into the supero- 
posterior part of Sie Btomach, while the ducts of the inferior ones 
unite to form a common tube joining it at its infero-posterior part. 
The opposite or cwcal extremities of the two anterior hepatic lobes 
end in the neighbourhood of the head, while those of the others 
extend to within a short distance of the tail. The secreting cells of 
these organs are of a rounded or polyhedral form, containing, be- 
sides the nucleus, a reddish-brown j)igment and fatty globules. 

i^Ay/ZirrAae possesses a simple systemic heart, consisting of a single 
auricle and ventricle. This organ lies upon the stomach, between 
the ducts of the two superior biliary glands; and a Isrge vessel or 
sinus, with many circular constrictions in its walls, may be traced 
towards the auricle, bringing back the a&ated blood from the hinder 
extremity of tlic body. There are no visible respirator}' organs, but 
it is probable that the cutaneous surface permits of the necessary 
exposure of the blood to the air contained in the surrounding 
medium. 

The nervous system is well developed. The suprap and suboeso- 
pliageal ganglia, with tbeir commissural chords, form a close ring 
round the gullet immediately behind the buccid mass. The audi- 
tory sacs, which are filled with vibratory otokonia, appear to lie be* 
tween both sets of ganglia, and the rudimentary vbutd organs, con. 
sisting each of a simple cell contain'n^r a refracting globule imbedded 
in black pigment, are also in contact with the nervous matter. Be- 
sides the actual distribution of the nerves given cflP from the cephalic 
guugiia, I noticed nodules of neurine lying at tlie base of the tenta« 
cula, communicating by commissural threads, and sending off each 
a principal nerve to the corresponding tentacle. The ganglk>n<» 
globules were lined with a reddish-coioured pigment, deposited 
round the vesicular nuclei, and when twigs are given off from the 
smaller nerves, both the homogeneous tteuritemnia and the contained 
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nervous matter break up like a dividing veoeel, without preserving 
the individuality of distinct nerve-tubes. 

The sexes are combined in Phyllirrhor^ the male and female 
generative openings lying clooe together on tiie right side of the 
body in the inferior gaatero^hepatic 8pace> and before the anal aper« 
ture. The ovaries Ke in the inferior recto-hepatic space* varying in 
number from two to five, in general. They are dark-colovred, sub- 
rotund, and finely lobulated bodies, from the fore part of each of 
which a very delicate duct arises, and all the ducts unite to form a 
single tube, with a trifling; increase in its diameter. This common 
oviduct> lined by a pavement of transparent epithelial cell?, passes for- 
wards beneath the slomacli in a licxuoua manner; and in the inferior 
gastero-hepatic &pace, it firijt unites with the duct of the testis und 
sgain continues its devious course until it ends in the fundus of a 
much larger tube, whose lining membrane is armed with numerous 
conical and tooth-like processes, and to this is appended a long csecal 
process much resembling the spermatheca of Helix for example. 
The external orifice of the male generative apparatus lies immedi- 
ately posterior to tliat of the female organs. The testis is rather 
small, subglobular in form, and closely connected with a short 
twisted tube*, much dilated at the middle j)ai t, and coated over with 
a layer of dark jngment-cells. It is with this tube, as above noticed, 
the small oviduct communicates, in order, as it would seem, to permit 
of self-impregnation, or to answer some other purpose, with the na- 
ture of which we are unacquainted ; but there is also an intromit- 
tent organ, which, however, I have never seen properly exserted. 

As to the affinities of PhylUrrhoe with Gasteropods, it may be ob- 
served tliat the animal is bisexual, that the eyes, like those of Glmtcvs 
and lanthim, are very small and rudimentary, being closely applied to 
tiie ganglia of the brain, after the manner of the acoustic sacs, and 
that both Fhijliirrhui} and Glaucus agree in possessing two lateral 
horny jaws, articulated with each other superiorly, and bordered 
with minute conical teeth. 

In the Gimtcida, the branchiss, which consist of simple papillary 
projections of the skin, are distributed in an equable manner over 
the dorsal region of the body ; and any deviation from this arrange- 
ment would naturally tend, cither to a more definite localization, or 
still further dispersion. It is the latter modification which ap{)ears 
to have taken j)lacc in PhylUrrhoe ; so that its respiratory vessels 
ramify minutely through the common integument, just as the vas- 
cular trunks analogous to those which break up in the pectinate gill, 
adapted for aquatic breathing, are snbdivided, and spread themselves 
over the smooth walls of the lung-chamber in Pulmonifera. 

As respects its affinity to the Pteropods, here too the lateral jaws 
of PhyliirrhoSmaBthe borne in mind, together with the almost com- 
plete suppression of the organs of vision. It is worthy of note also, 
that its acoustic capsules contain otokonia, as in Pteropoflti, instead 
of single globular otolithes like those of Glaucus, and there is some 

* I have distinstljr teaoed the hemstoipM of this tube in Pimpodut Beienpoi^ 
and the Omtmpoth proper. 
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reason to believe that the long tentacula, 80 called, are the homo* 
logues of the cephalic fins of Pteropods. 

The pfirticular features of PhyUirrhoi}, expressed in the Inst para- 
j^aph, also serve to distifif^uish it from the Heteropoda, but it some- 
what approximates this order in the general conformation of its body, 
wbich 18 elongated, laterally eompreased, and piesenfB a Idndof pro* 
boacis at the anterior, and a radder-fin at the posterior extremity. 
There is also, as it would appear to be, a small remnant of the foot 
on the inferior thin margin of the body, and the lateral undulatoiy 
motion of the animal iu the water exaetly resembles that of Ceto* 
phora, or Carmar'ia. 

The heart of PhyUirrfut' , in cumincin with that of Hcteropods in 
general, holds a dorsal position, riie auricle lies posterior to the 
.ventricle, as in Cerophora and Firola, but the reverse is the case in 
AtUtnia and Carinaria, the difference being due to the relataott which 
^e respiratory sniiace beers to the heart itself, lying in every case 
on the aurieohff side. Moreorer it is remarkuble that the rectum 
is directed backwards in the former instances, but turns forwards iu 
the latter, taking an Opposite course to that of the dreulntion 
throiiL^h the heart. 

It may be observed in conclusion, that in Heteropoda the viscera 
are closely packed together so as to occupy the smallest possible 
space, while they are widely distributed through the abdomen in 
PhyllirrhoS; thus, t^ain, calling to mind its relationship to the 
Fteropoda. 

This paper is illustrated with drawings representiDg the animal 
deBcHbed and some of the details of its internal structure. 

" Brief sketch of the Anatomy of a new genus of pelanc Gaste- 
ropoda, named JasomUa.'* By John Denis Macdonald, Esq., R.N. 

This communication refers to a remarkable genus of pelagic Gas- 
teropoda, characterized, like MacgiUivraya and Cheletropis, by the 
presence of ciliated cephalic appendages, but having, as in the pre- 
sent instance, a beautifully transparent, cartilaginous and perfectly 
symmetrical shell. The author has seen but one species, which was 
frequently taken between Port Jackson and the Isle of Pines. 

The shell resembles that of Argommta in shape, is leas than one- 
eighth of an inch in diameter, and the little animal, when fully re- 
tracted, occupies but a small portion of its cavity. The margin of 
the mantle is of considerable thickness, containing loosely.packed 
cells, similar to those of the middle or oj^erculigerous lobe of many 
Pteropods. About eight ciliated arms, identical in character with those 
oi MacgiUivraya, &c., encircle the head, including the mouth, which 
is furnished with two massive lateral jaws bearing sharp prominent 
dental processes on the anterior border, and with a pair of simple 
tentacula having a dark ocellus at the outer side of the base of each. . 
A well-formed root arises by a narrow pcdide from the under surfece 
of the body, immediately behind the ciliated collar. The creeping 
disc is elongated in form, subquadrate in front, and tapers off gradu- 
ally towards the posterior extremity. The latter part» oonespoiid- 
ing to the operculigerous lobe of other speeiea, is i|)eckled "witii 
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little clusters of dark pit^ment-cells, disposed so much after the 
manner of those of the ciliated arms as to lead to the impression that 
it it otfe of the same aeries, or wborl of organsi to uae botanicai 
phMaeology. A pectinate gill eztende beneath the mantle, along 
the anterior third of the dorsal region, lying, as in most cases, in 
advance of the heart. The visceral mass of the body, though elon* 
g-ated, is but slightly curved upon Itself, not exceeding half a turn. 
The lobules of the liver, distended with large amber-coloured oil- 
globules, may be distinctly seen througli the transparent outer enve- 
lope and shell. Single sj)lierical otolithes are contaiued in the 
acoustic sacs, and the lingual ribbon is lengthy and Hexuous, pre-, 

tenting a row of nndni on each Bide« with a aeries of minnte 
dentioiilations» pointing backwards on their anterior and posterior 
borders. The nndni of opposite sides interlock with one another 
so closely as to conceal the rudimentary segments of the rachis 
almost completely. The shell is cartilaginous, transparent, planer- 
bicular, and perfectly symmetrical, presenting four rows of minute 
conical tuberculations on its convex or dorsal surface. The gyri of 
the involute nucleus are so curved as to leave a central perforation ; 
the mouth of the tube encruaciies considerably on the last whorl, 
ind the dnter lip is deeply notched between the two lateral rows of 
tttbcfcles. The author has named the species Jaaonilla M^Lea^fiana* 
The paper is aeoompanied with illustratite figures. 

Note ** On the position of Alamiiium in the Yoltaie deries.** By 
Charies Wheatstdne, £9(|., F.R.S. 

Having, through ike kindness of Dr. Hofmann. been permitted to 
examine a specimen of aluminum prfepared by M. Ciaire-Deville, I 

availed myself of the opportunity to ascertain one of the physical 
properties of this extranrdinary metr;1, whir-h it does not appear 
ha« been yet determined, viz. its order hi the voltaic series. The 
following are the results of my experiment*. 

Solution of poitass acts more energetically and with u greater evo- 
lution of hydrogen gas upon aluminum than it does on cine, cadmium 
0r tin. In this liquid aluminum is negative to dnc. and positive to 
cadmium, tin, lead, iron, copper and platina. Employed as th6 pb- 
flitive metal, the most steady and energetic current is obtained 
v,'hen it is opposed to coj)per as the negative metal ; all the other 
nictals negative to it which were tried became rapidly polarized, ~ 
whether above or below cojjper in the series. 

In a solution of hydrochloric acid aluminum is nejrative to zinc 
and cadmium, and positive to all the other metals above named* 
With this liquid diso copper opposed to ii as the negative metal gave 
the strongest and most constant Mrrent. 

Nitric and shlphuric acidd are known not to act chiiinicallyin tiny 
sensible manner on aluminum. With the former acid diluted as 
the exciting liquid aluminum is negative to zinc, cadmium, tin, lead 
and iron. The current with zinc is strong: with tlie other metals 
very weak, and it is probable that their apparent negative condition 
is the result of polarization. M^hen aluminum i= immersed in dilute 
sulphuric acid, this metal appears negative to zmc, cadmium, tin 
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and iron, but >vith lead, on which sulphuric acid has no action, the 
current is insensible. In both these liquids copper and platiua are 
negfttive to fduminum, mod notwithstuidinf tjie apparent abec^pce 
of chemical «ctk>ii on the latter metal, weak currents are pro- 
duced. 

. It is rather remarkable* that a metal, the atomic number of vMek 

is so small, and the speciHc gravity of which is so low, should occupy 
such a position in the eleotromotire- ec«J^ a» to be more negative 
than zinc in the series. 

May 3. — Charles Wheatstone, Bsq., in the Chair. 

An Experimental In(|»iry into the nature of the nietamorphosii 
of Saccharine Matter, as a normal process of the animal cecoiiomy." 
By Dr. Pftvy. 

The author begins by observing, that the saoelilMrlne matter met 
with in the animal oeconomy is derived from two sources — from the 
vegetable kingdom, and from the liver of the animal itself ; in each 

CR^c being poured into the gcneml circnhition through the hepatic- 
veins. The liver not only enjoys the power of forming- sugar, but 
it likewise exerts (as shown by the experiments of Bernard) some 
modifying influence over that which is traversing its capillaries and 
which has been absorbed from the food, by which it is transformed 
from vegeiahh into ammal sugai*, and tiiu» Miidersd mora apt ibr 
serving in the processes of animal life. 

The sagar poured 'info the general circulation through the bepa^ 
veins is conveyed to the csfnllaries of the lungs» vthtt% it in gteatpart 
disappears, but never entirely ?o, according to very numerous analyses 
which the author has made on this subject. If the blood be traced 
onwards from the arteries through the systemic capillaries into the 
veins, the small amount of sugar which impitgnatcii arterial blood 
will be found to be still undergoing a process of destruction ; and 
what appears exceedingly intereStinig, tms prooess of destruction is 
not caitied on with equal activity in the diffiBumt |«rt8' of the 
system at large. In the capillaries of the chylo-poietic viscera, the 
destruction is so complete, that the blood in the portal vein may be 
entirely free from saccharine principle, when the blood returning 
from other parts, as that contained in the femoral or jugular veins, 
remains slightly impregnated. This curious fact has a bearing that 
will be presently adverted to, with reference to the view? to be 
advanced concerning the nature of the metamorphosis of sugar in 
the animal ceoonomy. 

The prims^mi seat of destruetion of saccharine matter in the 
animal system being located in the respiratory organs, seems at first 
sight to support the theory of liebig— that sugar is one of those sub- 
stances which undergoes a process of combustion, by its direct com- 
bination with oxygen and its resolution into water and carbonic acid. 
Some experiments on the temporary obstruction of the respiration 
and the examination of arterial blood before and after the operation, 
led the author to call lu question this view, as lie observed that 
notwithstanding the supply of oxygen was cut off to such an extent 
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as almost to occasion death, yet a (\ nsiderable destruction of sugar 
took place in the lungs. This, coupled with the fact th«'U: a disap- 
pearance of sugar takes place in the systemic capillaric;-, and un- 
equally 60 in different portions of thera» induced him to push his 
investigatioofli and see if there might not be some other cauae in 
operation in the living animal to effect the normal deetmction of 
SQgar, besides the direct chemical action of the oxygen absorbed in 
leipiration. The results of these investigations, which were first 
directed towards tlie changes produced in blood normally containing 
sugar, injected through the capillaries of lurif^s removed from the 
animal, and artificially inflated with atmosplieric air or oxygen gas, 
have induced the author to r^kr thu mc'taniorphosi^ of sugar in the 
animal occonomy, to a process which, is perfectly consistent and 
analogous with the well-known chemical bearings of this substance 
apart from the animal system. 

..In experiments which the author ,has now several times re- 
peated, lie injected blood removed from Ihe right side of the heart of 

an animal — and therefore normally containing sugar — through the 
capillaries of the artihcially intiated lungs of another; and found 
that as long as the blood retains its fibrine, there is as much de- 
struction of its sugar m would take place in the living animal ; but 
that where the £brinu has been separated from the serum and 
corpuscles, the angar ceasea to be influenced hy the presence of 
oxygen, or ceases to disappear during this process of artificial respi- 
ration. It would- benoe appear, that something besides mere con- 
tact with oxygen is requisite for the destruction of sugar. But in 
other experiments, he has found that oxygen is nevertheless a ne- 
cessary agent concerned in the procoss of transformation observed 
during the Rrtcrialization of the blood that has not undergone spon- 
taneous coagulation. It would therefore seem, in fact, tiiut oxygen 
ucU secondauly on the sugar tiirough the medium of the hbnuous 
laonstituent of the blood :~that it exerts some changes upon this 
aaotiaed prineipb. which are capahle of inducing the metamorphosis 
of angar. 

If we look to the ordinary chemical bearing of saccharine matter 
apart from the animal system, we find that an azotized substance 

undergoing the molecular changes of decomposition, placed in con- 
tact with sugar readily excites a process of fermentation, and ron- 
verts it by a mere alteration of the grouping of its ekiiRnts into 
another substance, one atom of sugar (C''*H'*0'*) being resolved into 
two atoms of lactic acid (C^H^ O^). We also find that sugar is 
not Buaeeptibia of oxidation except under the influence of strong 
chemical reagents. Chemical anabgy, therefore, would lead us to 
look upon the secondary action of oxygen as the more probable pro- 
cess of |)hy5iological destruction j especially when we take into con- 
sideration, that nowhere do we meet with such a constant series of 
molecular changes taking place as amongst the azotized constituents 
of a living animal. In the above-mentioned experiment of injecting 
librinated and dehbriuated blood tiirough an artificially inflated 
lung, when the blood is capable of undergoing the moleculisr change ^ 
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of assimilation on contact with oxygen as in the living animal, the 
sugar in great part disappears, but so soon as the fibrine is sepa- 
rated by spontaneous coagulation, and the blood has thus lost its 
vital characteristics, oxygen is uo longer capable of exerting any 
metamorphoBiDg influence on its flaccharine ingredients. 

If the molecular changes occurring during the decomposition of an 
BSotized substance be capable of converting sugar into lactic acid , whjr 
should not the molecular changes occurring during the building-up 
or elaboration of this same nitrogcnized compound effect the same ? 
Indeed, w- liave seen that the process of destruction is cnrrifd on to 
a certain extent in the systemic ca])illaries, and more especially 
in those of the chylo-poietic viscera, where the molecular changes 
of nutrition are also correspondingly carried on with greater activity 
than elsewhere. So that analogjr and experiment would tend to 
show that the physiological destruction of sugar is owing to a pro* 
cess similar to fermentation induced by the molecular change? 
occurring in the nitrogenized constituents of the animal during life. 
And, in Hccorclrnire with this, we find Lictic acid present in the 
system, and largely separated from arterial blood by the muscular 
tissue, and the secerning follicles of the stomach. 

As regards the lactic acid fermentation, it is well known that 
the presence of an alkali favours, whilst that of an acid retards the 
process. In two experiments on animals, the author injected caf*- 
iKinate of soda and phosphoric add into the circulating current* iold 
observed in the case of the latter that sugar immediately aecumu* * 
lated in the blood. 

The preceding observations refer more especially to the chRiifres 
that take place in the sacciiarine ingredient of the blood during 
life; and the author next proceeds to notice some interesting phx- 
nomena observable during the decomposition, and even the sponta- 
neous coagulation of blood containing sugar. 

If the blood of an anitnal nprmiJly impregnated wilb sugar be 
jdaced iiside, and allowed to undergo spontaneous coagulaticm, on 
examining separately the serum and clot on the following day, it 
will be found, that although the sierum may be largely saturated 
with sugar, the clot is entirely, or almost entirely destitute of it. 
Now, as the clot is moist and remains to n certain extent infiltrated 
with the senlra from which it has i)artially separated, it would 
appear that even the molecular changes arising from the sponta- 
coagulation of th^ blood are sufficient to effect the desthie- 
tion of- normal animal sugar. And this oonclusioti is streiigfheM^ 
by the feet, th&t in diabetic blood (the sugar of Which, as Woilld 
appear from other considerations also, is not so susceptible of 
metamorphosis as the healthy variety) the sugar does sot disap- 
pear to a similar extent in the clot. 

Under the changes of the (k composition of blood, normal aftiraal 
glucose is very readily metamorphosed. The rapidit}'' 6f the meta- 
morphosis depends on the activity of the decomposition oi the 
alifmal substances present, and when the destruction of the siigar h 
complete liie bkwd httk Msamed an acU iHcikn, 
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Thid acid reaetion of decomposing blood is only observable in 
that which was previously pretty Inrjrcly imjiregnated with sn<!;?ir. 
It appears to be owing to the formation of lactic acid. Certainly, 
it cannot be due to carbonic acid, for the reaction remains after 
exposure to a boiling temperature. 

The disappearance of sugar in the manner just pointed oat does 
aot depend on the oxygen <tf the air, except in so fiu* as this apent ii 
concerned in exciting Sie decomposition of the azotixed constttaents 
«f the blood \ for the sugar disappears as rapidly when there is a 
small, as when there is a large amount of surface exposed to the air. 
But if the air be carcfnlly and completely excluded, no signs of de- 
composition of the iinimai j)arts of the blood are to be observed, and 
under these circumstances the sugar also remains. The disappear- 
ance of sugar is more rapid where the hbrine and corpuscles are pre- 
-sent, than when the serum is exposed alone ; and in aicoordaiiea 
vith this, the blood in llie one ease undergoes decomporition much 
iooner than in the other — a fact easily intelligible from the greater 
amount of azotixed ingredients present. 

If blood normally impregnated with saccharine matter be placed 
aside until j^i^rns of incipient decomposition are observed, and the 
sugar is beginning to di«npjiear, exposure to a current of oxygen 
rapidly completes the toidl disappearance of the saccharine con- 
stituent. In this observation we have a lurtUer illustration of the 
analogy that appears to exist, in tiie nature of the metamorphosis of 
su^ar as a physiological process« and that which takes place chemi- 
catty under the influence of an azotixed compound, whose elemen- 
tary particles are in a state of molecular transition* During life,' 
the higher organic constituents of the blood are capable of under- 
going the chani^^es of assimilation on exposure to contact M-itb 
oxygen, and thcK a considernble desti'uction cf sugar etfected ; 
for a short peiioii alter death these azotizcd constituents remain 
stationary and uninfluenced by oxygen, and with this, there is a 
corresponding Bospension of the tran&rmation of sugar ; hut finally, 
animal matter of the blood on contact with oxygen, especially 
during a warm temperature, assumes a state of decomposition, the 
molecular changes of which again excite the destruction or meta- 
morphosis of saccharine matter. 

The sugar disappcarf=' far less rapidly from diabetic blood under 
the influence of exposure to the atmosphere, than from healthy 
right-ventricular blood. From these, and a few other observations 
which he has as yet been able to make on the blood in Diabetes 
Mcllttus, the author, were he to baxard an opinion on the nature of 
that obscure disease, would be disposed to say that there appears to 
be a modification of sugar produced by the liver, which is not suscep- 
tible of undergoing the normal process of destruction in the animal 
system, and which, therefore, nccumnlnting in tl^e blood, is elimi- 
nated by the kidne y?, 'I'hc experiments of Bernard have shown 
that vegetable glucose (grrt]>e-suerar) is not susceptible of degtruc- 
tion in the processes of animal life, unless converted into animal 
glucose by the agency of the liver. Diabetic sugar would there* 
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fore seem to bear a resemblance in its physiological relations to 
vegetable, rather than to animal glucose. 

The following communications were in part read :— 
•* Researches on the Partition of Numbers." By Arthur Cayley, 
Esq., F«R«S« 

The author discusses the following problem :-^**To find in how 
many ways a number 9 can be mftde up of the elements a, 6, c • 

each element being repeatable an indefinite number of times.*' The 
solution depends upon a peculiar decomposition of an algebraical 

fraction^, where the denominator fat is the product of any number 

of factors, the same or different of the form 1— j*"*, and upon the 
expansion by means thereof of tlie fraction in ascending powers of 
The coefficient of the general term is expressed in terms of circu- 
lating functions, such that the sums of certain groups of the coeffi- 
cients are severally equal to zero ; these functions the author calls 
prime circulators. The investigations show the general form of the 
analytical expression for the number of partitions, and they also in- 
dicate how the values of the coefficients of the prime circulators 
entering into such expression are to be determined. 

" Further Researches on the Partition of Numbers." By Arthur 

Cayley, Esq., F.U.S. 

The memoir contains a discussion of the problnm " to find in how 
many ways a number q can be made up as a sum of 772 terms with 
the elements 0, 1, 2,. ... A*, each element being repeatable an inde- 
finite number of times." The number q may without loss of gene- 
rality be taken to be equsl to l(km—a), and the expression for the 
number of partitions of this number l{km—a) is by a peculiar me- 

thod reduced to the form coqS, jt" in where ~> is an algebraical 

fraction, the form of which depends on the value of k, but which does 

in ant/wise involve the number m ; the denominator fx is the product 
of factors of the form l—a:^, and up to certain limiting values of a 
the fraction is a proper fraction. The author remarks in conclusion 
that the researches were made for the sake of their application to 
the theory developed in his " Second Memoir upon Quantics." 

May 10«— The Lord Wrottesley, President, in the Chair. 

Tiie following communications were read : — 

** An Experimental Inquiry undertaken with the view of ascer- 
taining whether nny force is evolved during Muscular Contraction 
analogous to the /orcp evolved in the Fish, Oymnotus, and Torpedo." 
By Henry Foster Baxter, Esq.* 

" On a simple Geometrical construction, giving a very approximate 
Quadrature of the Circle." By C. M. WiUich, Esq. 

T^et AB be a quadrant of n circle A, B, C. In the nrc BC place a 
chord BD equal to the radius, so that the arc BU is one of 60^. 

* This eommunicatiott will aiJpear in our next Number. 
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Bisect BD in E ; join AE, and produce the joiiung line to meet the 
circumference in F. I'hen AF differs from the side of a square 
equal in a^ea to the circle hy somewhat less than the one four- 
thoiiaandtli pnrt of that side. 

May 24. — The Lord Wrottesley, President, ia the Chair. 

Ilie fullowliig commupication was read : — 
" A Second Memoir upon Qualities/' By Arthur Cayley, Esq. 
F.R.S, 

Tlie memoir is intended as a continuation of the author's introduc- 
tory memoir upon Quantics ( vide Phil. vol. viii. p. 69, and Pliil. 
Trans* 1854, p.24aj ; the special subject oi tiic memoir is the theorenci 
referred to in the postscnpt of the introductory memoir, and the 
numerous deirelopmentB ansin^ thereout in relation to the number 
and form of the covarianta of a binary quantic. The author, after some 
remarks as to the asyzygetic integrals and the irreducible integrals of 
a system of partial differential equations, and after noticing that the 
number of irreducible integrals is in general infinite, proceeds to 
establii-h the above-mentioned the rem, viz. that a function of any 
order and degree satisfying the iu i l .— riry condition as to weight, and 
such that it is reduced to zero by one ot the operations {jrt/y} — xdjf 

and {y<ir} —ydx, is reduced to zero by the other of the two opera- 
tions, {. e. that it is a covariaTit ; and he shows how by means of the 
theorem the actual calculation ot the covariants is to be effected. The 
theorem gives at once (in terms of symbols P, P', which denote a 
number of partitions) expressions for the number of the asyzygetic 
covariants of a given degree and order, or of a given degree uuly, of 
a quantic of any order ; Sat eaablea.the diseussioa of partioilar eases* 
but to obtain more general results it is necessary to transform the 
cKpressions for the numbers of partitions by the method explained in 
the author's '* Further Researches on the Partition of Numbers." It 
appears by the resulting formula? that the number of tlic irreducible 
invariants or covariants does in fact become infinite for quantics of 
an order sufhciently high ; the number of the irreducible invariants 
first becomes iiitlaile in the case of a quantic of the order 7 ; the 
number of irreducible covariants first becomes infinite in the case of 
a quantic of the order 5. ' In particular, the formuls show that in 
the case of a quantic of the^ ovder 5, or quintic, there are 4 irre- 
ducible invariants of the degrees 4, S, 12 and 18. respectively con- 
nected by an equation of the degree 36 ; and that in the case of a 
quantic of the order 6, or sextic, there arc o irreducible invariants 
of the degrees 2, 4, G, 10 and 1.' respectively connected liv an 
equation of the degree 30 ; so that tiie system of the irreducible in- 
variants of a sextic is analogous to that of the irreducible invariants 
of a quintic. The memoir concludes with a table of the covariants 
of a quadric» a calne, and a ^uartic, and of certain of the covariants 
of a quintic. 
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XIX. Intelligenee and MisceUatieous ArHcks. 

flOUNDINO BAPID CITBBBNTS, 

To the EditwB of the PhUosophieal MujfOMine mid JomuU. 

Gentlemen, 

SEEING an account, which is making the tour of the newspapers, of 
an attempt to sound the depths 3 Niagara* which fiuled in con- 
eequence of the great velocity of the stream not allowing the plumh 
to sink, it struck me that that which could not be accompUshed by 
main force might be done by a very simple contrivance. 

The principle on which a schoolboy's common kite mounts in the air, 
overcoming the law of gravity, is well known ; and I should think that 
an apparatus constructed on the same piiuciple, and perhaps of a 
like form but much smaller, and strongly made of iron, would by 
the action of the current of water be forced to the bottom of the 
river. All boys know that tiie stronger the breeze, the higher the 
kite flies. The depth might be easily determined by the angle of 
the detaining chain or wire with the surface of the water. I merely 
throw out the hint, hoping it may perhaps lead to the iavention of 
some apparatus that will overcome the difficulty. 
I enclose a rough diagram, and remain. Sirs, 

Your obedient Servant, 




A. Kite, strongly made of thick canying the seale with a 

sheet iron. pointinp^ needle weighted tO 

B. Detaining chain or wire. keej) per])endieular, 

C. Keel fixed at the end of bar £. Chain and hook to attach the 

appaimtns to the shofs or blidgeb 



Olf A FALL OV UBVBOBiC 8VONB8 AV BKBHSWOEDB IN HANOYBB. 

BY M. WOHLBB. 

On the 13th of May last, at 5 o'clock in the afternoon, a very 
WBiaikabU ML of meteoric stones was obswved near Breinewiorde« 
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not far from Hamburg. This phaenomenon was accompanied by 
thunder and a great hissing- noi^e. The sky was cloudy, so that the 
meteor was not seen ; but three stories were seen falling, and these 
were found. It is very probable that a greater number fell. Tlie 
largest of these stones weighs 3 kilogrammes, the second 1^ kilo- 
gramme, and the third S25 grammes. 

Lik^ most of the aerolites observed, these stones are covered wkii 
a black fiised crust. Their fracture shows a mixture of several mine- 
rals of a gray colour, amongst which a considerable quantity of me- 
tallic iron and sulphuret of iron may be distinguished. They present 
a close resemblance with those which fell in Tr-msylvania on the 
4th of September 1852, and which form part of the collection in the 
Impenal Museum of Vienna. — Comptes Rendus, June 25, 1855* 
p. 1362. 



METEOROLOGICAL OBSERVATIONS FOR JUNE 1855. 

Chiswick. — June 1. Overcast. 2. Cloudy and ^m: very clear. 3. Fine: 
cloudy : overcast. 4. Heavy clouds : very fine. 5. Cloudy : fiue. 6. Hot and 
dry i rtfn* 7. Veiy fine. 8. Cloudy ; very fine. 9. Showery, 10» 11. Yeiy 
fine. 12. Very fine : dear at night. 13. Slight haze. M. Overcast : rain. 15. 
Cloudy: fiae: rain. 16,. Fine: showery: overcast: heavy rain. 17. Cloudy: 
slight showers. 18. Clear: cloudy: rain. 19. Overcast and fine. 20. Light 
clouds : fine : clear : frosty at niglU. 21. Clear and fine. 22. Fine : very dry aif; 
23. Overcast. 24. Very fine. 25. Cloudy and fine. 2fi. OrercBtt: vcfy fione. 



27. Dry haze : very fine. 28 — 30. Very fine. 

Meaniempmtureef the month 57**98 

Mean temperature of June 1854 56 -93 

Mean tcTni)eraturc of June for the last tweuty-nine years... 60 '39 
Average auiouut of rain ai June 1*89 inch. 



Aiyr/oa.— -June 1. Cloudy : rain a.m. 2. Cloudy. 3, 4. l^uie. 5. Cloudy, fi. 
Fine/ '7. Cloudy: rain aji. 8. Cloudy. 9. Fine: ninp.it.' 10. Fine: nin 

virith thunder P.M. 11. Fine. 12, 13. Cloudy. 14. Rain a.m. and p.m. 15. Cloudy: 
rflin A.M. and P.M. If?. Fine. 1 7, 18. Cloudy ; riun F.M. 19»2Q. Clondy. 21, 

22. Fine. 23—27. ( louily, 28—30. Fine. 

Sandwich Mame, Orkney, — June 1. Bright A.if. : iMSk p.if. 2. Damp ^.m. : 
foggy P.M. 3. Haa&y a.ii. : doudy p.m. 4. Hazy am, : dear f.m. 5. Bright A.M, : 
clear p.m. 6. Rain* ilnindflr AM. : drops p.if. 7. foggf AM- 1 doody b.ii. 

8, Hright, fine a.m. : foggy p.m. 9. Showers a.m. : showers, foggy p.m. 10. 
Cloudy a.m. : clear p.m. 11. Bright a.m.: cloudy p.m. 12. Rain a.m. and p.m. 

15. foggy A.M. and P.M. 14. Clear a.m. and p.m. 15. Cloudy a.m. : dear p.m. 

16. Showers a.m.: drops p.m. 17. Drizzle, showers a.m. and p.m. 18. Bright 
a.m. : driz/le, showers 19. Clear a.m. and p.m. 20. Cloudy a.m.: small 
ram P.M. 21. Foggy a.m. aud p.m. 22. Foggy a.m. : bright p.m. 2'6. iiright 
A.K. and p.11. 24. Bright a.m. : bright, nin p.m. 25. Rain a.m. and p.m. 26. 
Drops a.m. : rain p.m. 27. Bright a.m. : clear p.m. 28. Clear, fine a.m. : bright 
fine P.M. 29, 30. Bright, fine a.m. and p.m. 

Mean temperature of Inne for twenty.cight pr^ot yean . 52**78 

Mean temperature of this month , 52 '23 

Mean temperature of June 1851 52 '86 

Average quantity of rain in June lor fifteen previous years . 2 21 inches. 
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XX. Oji the Nature of the Force by which Bodies are repelled 
from the Poles of a Magnet; to which is prejixed, an Account 
of some Expenments on Molecular Injluence9, By John 
TifNDALL, Fh.D., F.R.S, ^c* 

[With T&ee Plates.] 

Intboouction. 

FROM the pfubliBhed account of his researches it is to be 
inferred, that the same heavy glass, by means of which he 
produced the rotation of the plane of polarization of a luminous 
my, also led Mr. Ifaraday to the discovery of the diamagnetie 
force. A square prism of the glass, 2 inches long and 0 5 of an 
inch thick, was suspended with its length horizontal between 
the two poles of a powerful electro-magnet : on developing the 
magnetism the prism moved round its axis of suspension, and 
finally set its length at right angles to a straight line drawn 
from the centre of one pole to that of the other. A prism of 
ordinary magnetic matter, similarly suspended, would, as is 
well known, set its longest dimension from pole to pole. To 
distinguish the two positions here referred to, Mr. Faraday 
introduced two new terms, which have since come into general 
use : he called the direction parallel to the line jommp the poles, 
the axial direction, and that perpendicular to the said ime, the 
equatorial direction. 

The difference between this new action and the oidinary 
magnetic action, was further manifested when a frainnent of 
the heavy glass was suspended before a single inaguetic pole : 
the fragment was repelled when the magnetism was excited; 

* From the Philosoohical Transactions for 1855, part i.; having been 
received by the Boyid Society October 31, 1854, and read Januaiy 25, 1856. 
The Bskflriaii Lecture* 

PhU, Ma^. 8. 4. Vol. 10. No. 65. B^U 1855. M 
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and to the force whicli produced this repolaioii Mr, Faiaday 
gave the name of diamaffnetim* 

NumerouB other subBtances were soon added to the heavy 
glaas, and, among the metals, it was found that bismm^ pos- 
sessed the new property in a comparatively exalted degree. A 
fragment of this substance was forcibly replied by either of the 
poles of a magnet; while a thin bar of the substance, or a glass tube 
eontaining the bismuth in fragments, or in powder^ suspended 
between the two poles of a horseshoe magnet^ bdiaved exactly 
like the heavy glass, and set its longest dimension equatorial. 

These exhaustive researches, which rendered manifest to the 
scientific world the existence of a pervading natural force, 
glimpses of which merely had been previously obtained by 
Briigmarm and others, were made public in 1846; and in the 
followinir year M. Pliickcr announced his beautiful discovery 
of the action of a magnet upon crystallized bodies. His first 
result wa^, tbat when any crystal whatever was suspended 
between tbe poles of a magnet, with its optic axis horizontal, a 
repulsive force was exerted on the said axis, in consequence of 
which it receded from the pf)les and finally set itself at right 
angles to the line joining tht^n. Subsequent experiments, 
however, led to the conclusion, that the axes of optically 
negative crystals only experienced this rcpulsionj while the axes 
of j)ositlve crystals were attracted ; ur, in other words, set them- 
selves from pole to pole. 

The attraction and repulsion, here referred to, were ascribed 
by M, Pliicker to the action of a new force, entirely independent 
of the magnetism or diamagnetism of the mass of the crystal*. 

* " Thf forrr which produces this repulsion is independent of the moffnetie 
or diamaguetic condition qf the mass of the crystal; it diminishes less, as 
the distance from the polet qfihe magnet increases, than the macfnctic and 
.iMamagnetic forces emanating from these poles and acting upon the crystal** 
— Prof. Pliicker in Poggendorff's Amaalen, vol. Ivii. Ivo. 10; Taylor's 
Bcieiitific Memoirs, vol. v, p. 353. 

The forces eiuauatiug tVoiu the poles of a magnet are thus summed up 
byM. PlScker:— ^ 

1st. The mt^etic force in a strict sense. 

2nd, The diamaf^ietic action disrnvcretl by Faraday. 

3r(l. The action excited on the o])tic axes of crystals (and that producing 
the rotation of the plane of poiarizatioa which probably corresponds to it). 
The second dimiimkes more with the distance than the first, and the first 
more than the third. ^T&y\oT*s Scientific Memours, vol. t. p. 380, 

The cr}'sta] (cyanite) docs not priiiif according to the magnetism of it9 
fuh'^tance, hut onJ)/ in obedience to the magnetic action vpon its optic axes. — 
Letter to Mr. i'uiaday, Thil. Mag. vol. xxxiv. p. 4b\. The italics in fdl 
esses are H. Plilcker^s own. 

M. De la Save states the view of M. Plvidker to be t^tiiat die axis in its 
Quality as axis, and independently of the very nature of the suhstf»ncc of 
the crystal, enjoys peeubar properties, more frequently in oppositiou to 
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Shortly after the publieation of M. HUeker't first memdr^ Mr. 
Faraday observed the remarkable magnetic properties of crystal- 
lized bismuth ; and his researches upon this, and other kindred 
points, formed the subject of the Bakdian Lecture before the 
Koyal Society for the year 1849. 

Through the admirable lecturesof Professor Ennsen on Electro- 
chemistry in 1 848j I was first made acquainted with the existence 
of the diamaguctic force; and in the month of November 1849 
my friend Professor Knoblauch, then of Marburg, now of the 
University of Halle, suggested to me the idea of repeatinj^ the 
experiments of M. Pliickcr and Mr. Faraday. He had procured 
the necessary apparatus with the view of prosecuting the subject 
himself, but the pressure of other duties prevented him from 
carryinir (Hit his intention. I adopted the suggestion and 
entered upon the inquiry in M. Knc*blauch^s cabinet. Owt 
frequent conversations upon the subject led to the idea of our 
making a joint publication of the results : this we accordingly 
did in two papers^ the fii:8t of which, containing a brief account 
of some of the earliest experiments^ appeared in the Fhiloeophieal 
Magazine finr March 1850^ and some time afterwards in Po^- 
gendorff's Anmdsn; while the second and nrindpal memoir 
appeared in the Plulosophical Maganne for July 185Q| and in 
Poggendofff's Atmalen about January 1861** I afterwirds 
•ontinned my researches in the private kboratory of Professor 
Magnus of Berlin, who, with prompt kindness and a liveiy 
intmst in the ftirUierance of the inquiry, placed all necessary 
apparatus at my disposal. The results of this investigation are 
described in a paper published in the Philosophical Magazine for 
September 1851, and in Poggendoi-fiTs Annalen, vol. kxxiii. 

In these memoirs it was shown that the law according to 
whieh the axes of positive crystals are attracted and those of 
negatiTe eiystals repelled, was contradicted by the deportment 
of numerous crystals both positive and negative. It was also 
proved that the force which determined the position of the optic 
axes in the magnetic field was not independent of the magnetism 
or diamagnctism of ihr mass of the ciystal ; niasumch as two 
crystals, of the same lorni and strueture, exhibited altogether 
ditferent effects, when one of them was magnetic and the other 
diamagnetic. It was shown, for example, that pure carbonate 
of lime was dianuig:nctic, and always set its optic axis equatorial; 
but that when a portion of the calcium was replaced by an iao- 

thoie possessed hv the substance itself, or which at least are altogether 

independent of it. — Treatise on Eloctrinty, vol. i. p. 3'y[K 

* Tlie memoirs in the Philosophical Magazine v\ f rr ^\ritten by me, and 
Ihe second one has, I beheve, been translated into Geruiuu Or. Kroniff : 
tb« papers in PoggeadMTs Amuiem wwe sditsd by my coUeague.— i. T, 

M2 
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inorphous magnetic constituent, which neither altered the struc- 
ture nor affected the perfect transparency of the crystal, the 
optic axis set itself from pole to pule. Tlie various complex 
phccnomeua exhibited by crystals in the magnetic field were 
finally referred to the modification of the magnetic and diamag- 
netic forces by the peculiarities of moleeular anrangement. 

This result is in perfect conformity with aU that we know 
experimentally regarding the connerion of matter and force. 
Indeed it may be ssfely assorted that every force which makes 
matter its vdiide of transmission must be influenced by the 
manner in which tibe material particles are grouped togeihest. 
The phsenomena of double refraction and polarization illustrate 
the influence of molecular aggregation upon light. Wertheim 
has shown that the velocity of sound through wood, alon^ the 
fibre^ is about five times its velocity across the fibre: De la Rive^ 
PcCandoUe and myself have shown the influence of the same 
molecular grouping upon the propagation of heat. In the first 
section of the present paper, the influence of the molecular 
structure of wood upon its magnetic deportment is described : 
Dc Senarmont has shown that the structure of crystals endows 
them with diti^irent powers of calorific conduction in different 
directions : Knoblauch has proved the same to be true, with 
regard to the transmission of radiant heat : \\ ledemann finds the 
passage of frietional electricity along crystals to be affected by 
structure; and some experiments, which I have not yet had 
time to follow out, seem to prove, that bismuth may, by the 
approximation of its particles, be caused to exhibit, in a greatly 
increased degree, those singular effects of induction which are 
so strikingly exhibited by copper, and other metals of high 
conducting power. 

Indeed the mere ^ priori consideration of the subject must 
render all the effects here referred to extremely probable* Sup« 
posing the propagation of the forces to depend upon a subtle 
agent, distinct from matter, it is evident that the progress of 
such an agent from particle to particle must be influenced by 
the manner in which these particles are arranged* If the par- 
ticles be twice as near each other in one direction as in another, 
it is certain that the agent of which we speak will not pass with 
the same facility in both directions* Or supposing the effects 
to which we have alluded to be produced b^ motion of some 
kind, it is just as certain that the propagation of this motion 
must be affected by the manner in which the particles which 
transmit it are grouped together. Whether, therefore, we take 
the old hypothesis of impoTulerablcs, or the new, and more 
philosophic one, of modes; oi' motion, the result is still the same. 

If this reasoning be correct, it would follow, that, if the 
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molecular arrangement of a body be changed^ such a change 
will manifest itself hy tin alterati ju of deportment towards any 
force operatinc^ upon the body : the action of compressed glass 
upon light, ^vilic}l Wertheim in his recent researches* has so 
beautifully tiaiieJ to account in the cstiiiiation of pressures, is 
an illustration in point; and the inference also receives the 
Ibllegt corroboration from experiments^ some of whidi are re- 
corded in the papers alhi^a to, and which show that all the 
phsenomena of magnecrystallic action may be produced by simple 
mechanical agency. What the crystalline forces do in one case, 
mechanical force, nnder the control of the human will, accom- 
plishea in the other. A crystal of carbonate of iron, for example, 
suspended in the magnetic field, exhibits a certain deportment : 
the crystal may be removed, pounded into the finest dust, and 
the particles so put together that the mass shall exhibit the 
same deportment as before. A bismuth crystal suspended in 
the magnetic field, with its planes of principal cleayage vertical, 
will set those planes equatorial ; but if the crystalline planes 
be squeezed sufficiently together by a suitable mechanical force, 
this deportment is quite changed, and the line which formerly 
set equatorial now sets axialf- 

Thus we find that the influence of crystallization may be 
perfectly imitated, and even overcome, by simple mechaDiral 
agencies. It would of course be perfcctlv iiiiintclli'^ible were 
we to speak of any direct action of the magnetic force upon the 
force by which the powdered carbonate of iron, or the solid cube 
of bisiiiuth, is compressed ; such an idea, however, app(;ars 
scarcely less tenable than another which seems to be entertained 
by some who feel an interest in this subject ; namely, that there 
is a direct action of the magnet upon the molecular forces which 
built the ci'vsial. The function of such forces, as regards the 
production of the cflfects, is, 1 believe, mediate ; the molecular 
forces are exerted in placing the particles in position, and the 
subsequent phaenomena, whether exhibited in magnccrystallic 
action, in the bifurcation and polorixation of a luminous i-ay^ 
or in the modification of any other force transmitted through ' 
the crystal, are not due to the action of force upon force, except 
through the intermediation of the particles referred to:|:. 

* Pb9. Hag. October vaA November 1854. 

t Phil. Mag. vol. ii. Ser. 4. p. 183. 

t Tlic influence of moleculiir ng;j^gation proLably maTiifcsts it> If on a 
grand scale in nature. The Snowdon range of mountains, for example, 
is principally composed of slate rock, whose line of strike is nearly north 
and soutn. The nmguetic pronertiea of this rock I find, by 8ome prelimi- 
auy experiments, to be very different along the cleavage from what th^ 
are across it. I cannot help thinkint* tlmt these vast masses, in their 
present position, must exert a ditlerent action ou the magnetic needle 
nom that which would be exerted if the hne of strike were east and west. 
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Thfe foregoing introductory statement will, perhaps, sufficiently 
indioate the pment aspect of this questiioiL The object I pro-* 
poaed Ho myself in oommencing the inquiry novr laid before the 
noyal Society, was to obtain, if possible, dearer notiona of the 
nature of the diamagnetic force than those now prevalent j ibr 
though, in the preceding paragraphs, we haye touched upon 
aome of the most complex phnomoia of magnetism and dia» 
magnetism, and are able to produce these phsenomena at Willi 
the greatest diversity of opinion still prevails as to the real re- 
lationihip of the two forces* The magnetic force, we know^ 
embraces both attraction and repulsion, thus exhibiting that 
wonderful dual action which we are accustomed to denote by 
the term polarity. Mr* Faraday was the first who proposed the 
hypothesis that diamagnetic bodies, operated on by magnetic 
forces, possess a polarity ''the same in kind as, but the reverse 
in direction, of that acquired by iron, nickel, and ordinary mag- 
netic bodies under the same circumstances*." M. W. Weber 
sought to confirm this hypothesis by a series of experiments, 
wherein the excitement of the supposed rliaiujignctic polarity 
was applied to the generation of induced currents — ajiparently 
with perfect success. Mr. Faraday afterwards fcliowed, and his 
results were contii'med by M. Verdet, that effects similar to those 
described by the distinpn^iished German, were to be attributed, 
not to the excitement of diamagnetic polarity, but to the genera- 
tion of orcliuary induced currents in the metallic mass. On the 
question of polarity Mr. Faraday^ s results were n( gativc, and he 
therefore, with phiiotiophic caution, liolds him sell unpledged 
to his early opmion. M. Weber, however, still retains Ins belief 
in the reverse polarity of diamagnetic bodies, whereas Weber's 
countryman M. von reilitsch, in a series of memoirs recently 
published in Poggendofff'a Amalen, contends that the pdaril^ 
of diamagnetic hodies is precisely the same aa that of magnetic 
ones. In this unsettled state of the question nothing remained 
for me but s complete examination of the nature m the dia- 
magnetic force, and a thorough eomwiaon of its phnnomoia 



in the following pages : with what aucoess it must he left to the 
reader to decide. 

Before entering upon the principal inquiry, I will introduce 
one or two points which arose incidentally from the investiga- 
tion, and which appear to be worth recormng. 

1. On the Magnetic Pkoi erties of Wood. 

No experiments have yet been made, to determine the influence 
of structure upon the magnetic deportment of this substance j 

* EzperimenlsK RcsearalMi, 2439, 3430. 
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a&d even on the question whether it is magnetic^ like iion^ or 
diamaenetic^ like Dismuth^ difEerencea of opinion appear to 
ptevail. Sneh diffbrenceB are to he referred to the extteme 
feebleness of llie force proper to the wood itself, and its eon- 
sequent liability to be masked by extraneous impurity. In 
handling the substance intended for experiment the fingers must 
he kept perfectly clean, and frequent washing is absolutely 
necessary* After reducing the substance to a regular shape, so 
as to annul the influence of exterior form, its outer surface must 
be carefully removed by glassj and the body afterwards sus* 
pended by a very fine fibre between the poles of a strong electro^ 
magnet. 

The first step in the present inquiry was to ascertain whether 
the substance examined was paramagnetic* or diamagoetic. 
It is well known, that, in experiments of this kind, moveable 
masses of soft iron are placed upon the ends of the electro- 
magnet, the distance between the masses bciner varied to suit 
the experiment. In front of a pointed ma^ of iron of this kind, 
a cube of wood was suspended, and if, on exciting the map:net, 
the cube was repelled by the point, it was regarded as diamag- 
netic; if attracted, it was con- 
sidered to be paramagnetic. The Kg. 1. 
force was considerably intensified 
by placing the two moveable 
poles as in fig. 1, and suspending 
the eabe at a on the same levd 
with the points; a diamagnetic 
body placed there is, on the de- 
velopment of the magnetic fiiree, 
forcibly driven from the line 
which unites the points, while a magnetic body is forcibly dnnm 
in between them. 

Having thns observed the deportment of the mass, the cube 
was next siupended between the Jlat ends of the poles sketched 
in fig. 1. 'uie parallel faces were about three-quarters of an 
inch apart, and in each case the fibre of the suspended wood 
was horizontal. The specimen first examined was Beef-wood : 
suspended in the position a, ii^. 1, the mass was repelled : sus- 
pended bet wren tlie flat poles, on exciting the magnet, the cube, 
if in an oblique position, turned and aet its fibre equatorial. 

* The effects exhibited by iron and by bismuth come properly under 
the general designatiou of magnetic phsenomena : to render their subdivision 
more distinct Mr, Faraday has lecentlv introduced the word paramagneiie 
to denote the old magnetic effects, of which the action of iron is an exaraplej 
TVhcrever the Avord magnetic occurs, without the prefix, it is always the 
old action that is referred to. 
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By suitably breaking and cldsing the curcait^ the cube could be 
turned 180'' round and held in this new position. The axial 
position of the ligneous fibre was one of unstable equilibrium, 
nom which, if it diverged in the slightest degree right or left, 
the cube turned and finally set its fibre equatorial. The fol- 
lowing is a statement of the results obtained with thirty-five 
different kinds of wood : — 
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The term "decided'' is here used to express an action more 
cncriretic than ordinary, but in no case does the result lack the 
decision necessary to place it beyond doubt. It must also be 
remarked that the term "strong" is used in relation to the 
general deportment of wood ; for, compared with the action of 
many other diamagnetic bodies^ the struu^cst 9fi\ioii of wood is 
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but feeble. Simple as the problem may appear, it required 
considerable time and care to obtain the results here recorded. 
During a first examination of the cubes eight anomalies presented 
themselves — in eight cases the libre set either oblique or axial. 
The whole thirty- five specimens were carefully rcscraped with 
glass and tested once more ; still two remained, which, though 
repelled as masses, persistently set with the fibre axial, and 
oscillated round this positioii so steadily as to lead to th|i sup- 
position that the real deportment of the substance was thus 
exhibited* I scraped these cubes ten tunes successivelyi and 
washed them with all care^ but the deportment remained un- 
changed. The cubes, for the sake of reference, had been stamped 
with diminutive numbers by the maker of themi and I noticed 
at lengthy that in these two cases a trace of the figures remained : 
on removing the whole surface which bore the stamp from each^ 
the cubes forsook the axial position, and set, like the others, 
with the fibre equatorial. 

The influence of the mere form of an impurity was here very 
prettily exhibited. The cubes in question had been stamped 
(probably by an iron tool) with the numbers 38 and 37, which 
lay in the line of the fibre ; the figures, being dumpy little ones, 
caused an elongation of the magnetic impurity along the said 
line^ and the natural consequence of this elougation was the 
deportment above described. 

Of the thirty-five specimens examined one proved to be ]iara- 
magnetic. Now^ it may be asked, if the views of molecular 
action stated in the foregoing pages be correct, how is it that 
this paramagnetic cube sets its fibre equatorial ? The case is 
instructive. The substance (bog oak) had been evidently 
steeped in a liquid containing a small quantity of iron in solu- 
tion, whence it derives its magnetism; but here we have no 
substitution of paramagnetic iiiulecules for diamagnetic ones, as 
in the cases referred to. The extraneous magnetic constituent 
is practically indifferent as to the dir^tion of magnetization, 
and it therefore accommodates itself to the directive action of 
the wood to which it is attached. 

II. On thx Rotation of Bodies b jrwBBN Fointxd 

Magnetic Poles. 

In his escperiments on charcoal, wood-bark and other sub- 
stances, M. Plucker discovered some very curious phienomena 
of rotation, which occurred on removing the substance experi- 
mented on from one portion of the magnetic field to another. 
To account for these phsenomena, he assumed, that in the 
substances which exhibited the rotation, two antagonist forces 
were perpetually active-^a repulsive force, which caused the 
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substanbe to aflsume one }>oflition; and an attractive force, 
wluch caused it to asanme a different position : tbat^ of these 
two foFoes, the repulsive diminished more quickly than the 
attractive^ when the distance of the body from the poles was 
augmented. Thus, the former, which was predominant close 
to the poles, succumbed to the latter when a suitable distance 
was attained, and hence arose the observed rotation. 

Towards the conclusion of the memoir published in the Sep- 
tember Number of the Philosophical Magazine for 1851, 1 stated 
that it was my intention further to examine this highly ingenious 
theory. I shall now endeavour to fulfil the promise then made, 
and to state, !)riefiy as i caOj the real law which regulates 
these roiiiph'x pbajnouicnn. 

The Tii;is>( =^ of soft iron sketched iu fi^'. 1 were placed upon 
the endsof the elcctro-maguet, with their ponits facing each other; 
between the points the body to be examined was suspended by 
a fine fibre, which, passing round a groove, the substance could 
be raised or lowered by turning a milled head. The body was 
first suspended on the level of the points and its deportment 
noted, it was then slowly elevated, and the change of position, 
if any, was observed. It was finally permitted to bink below 
the points and its deportment there noted also. 

The following is a statement of the results; the words 
'equatorial^ (£.) and 'axial' (A.) imply that the longest hori* 
zontal dimension of the substance examined took np the position 
denoted bv each of these words respectively. The manner in 
wbidi the Ws were prepared is explained further on. 
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These experimentB might be extended indefinitely, but suffi- 
cient are here to eiuible us to deduce the law of action. In the 
first place we notice, that all those substances which set equa- 
torial between the points, and axial above and below thenif are 
^Hamagnetie} while all those which set axial between the p^nita^ 
and equatorial above and below them, are paramagnetic. When 
any one of the sub taiiccs here named is reduced to the spherical 
fomij this rotation is not observccl. T possess^ for example, four 
spheres of calcareous spar, and when any one of them is suspended 
between the pomts, it takes up a position which is not chani^cd 
when tlie sphere is raised or lowered ; the crystallographic axis 
sets equatorial in all positions. A s})liere of compressed car- 
bonate of iron, suspended between the points, also sets that 
diameter along which the pressure is exerted from pole to pole. 
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and continues to do so when raised or lowered. A sphere of 
compressed bismuth, on the other hand, sets its line of compi'es- 
sion always equatorial. The posiUoii taken up by the spheres 
depends II I ion the molecular structure of the substances which 
compose them ; but, when the mass is elom/ated, another action 
comes into play. Such a mass being suspended with its length 
horizontalj the repulsion of its ends constitutes a mechanical 
couple which increases in power with the length of the mass ; 
and when the hody is long enough, and the local repulsion of 
the ends strong enough, the couple, when it acts in opposition 
to the directive tendency due to structure^ is able to overcome 
the latter and to determine the position of the mass. In all the 
eases cited, it was so arranged tnat the length of the hody and 
its structure should act in opposition to each other. Tartaric 
acid and citric acid cleave with facility in one direction, and, in 
the specimens used, the planes of cleavage were perpendicular 
to the length of the body. In virtue of the structure these 
planes tended to set equatorial, but the repulsion of the elongated 
mass by the points prevented this, and caused the planes to set 
axial. When, however, the body was raised or lowered out of 
the sphere of this local repulsion, and into a position where the 
distribution of the force was more uniform, the advantage due 
to Irngth became so far diminished that it was overcome, in 
turn, by the influence of structure, and the planes of cleava«:^e 
turned into the equatorial position. In the specimen of salt- 
petre the shortest horizontal dimension wbb parallel to the axis 
of the crystal, which axis, when the influence of form is destroyed, 
always sets equatorial. A full crystal of calcareous spar will, 
when the magnetic distribution is tolerably unifonn, always 
set its axis at right angles to the line joining the poles ; but the 
axis is the shortest dimension of the crystal, and, between the 
points, this mechanical disa(l\ aiitage compels the mtluence of 
structure to succumb to the influence of shape. A cube of 
calcareous spar, in my possession, may be caused to set the 
optic axis from pole to pole between the points, but this is 
evidently due to the elongation of the mass along the diagonals ; 
for, when the comer of the cube succeeds in passing the point 
of the pole, the mass turns its axis with surpnsing energy into 
the equatorial position, round which it oscillates with great 
vivacity. Counting the oscillationa, I found that eighty-two 
were performed by the cube, when its axis was equatorial, in the 
time required to perform fifty-nine, when the axis stood from 
pole to pole. Heavy spar and coelestine are beautiful examples 
of directive action. These crystals, as is well known, can he 
cloven into prisms with rhombic bases : the principal cleavage 
is parallel to the base of the prism, while the two subordinate 
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cleavages constitute tlie sides. If a short prism be suspended 
in a tolerably unifonn field of force, so that its rliomhic ends 
shall be horizontal, on exciting the magnet the short diagonal 
will set equatorini, as shown in fig. 2. If the jn ism be suspended 
with its aids aud the short diagonal honzoutai, the long diagonal 



^1^. 2. 




Fig. 3. 
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Fig. 4. 
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being therefore vertical, the short diagonal will retain the equa- 
torial position, while the axis of the prism sets axial as in fig. 3. 

If the prism be suspended with its long diagonal and axis hori- 
zontal, the short diagonal being vertical, and its directive power 
therefore annulled, the axis will take up the equatorial position, 
as in lig. 4. Tsow as the line which sets equatorial in diamag- 
nctic bodies is tliat in which the magnetic repulsion acts most 
strongly*, the crystal before us furnishes a perfect example of 

* m Mag. Ser. 4. irol. ii p. 177. 
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Ci substance possessing three rectangular magnetic axes, no two 
of which are equal. In the experiment cited in Table II., the 
mass was so cut that the short tliap^oual of the rhomljic base 
was perpendicular to the length oi the specimen. Cfuiionate 
pf tin, and the other nowders, were compressed by placing thtj 
powder between two clean plates of copper, and s^ueezin^ them 
together in a strong vice* The line of compression in diamag« 
netie bodies alwap sets equatorial, when the field of foree 
ia unifonn, or approximately so ; but between points the repul- 
sion of the ends furnishes a couple strong enough to overcome 
this directive action, causing the longest dimension of the 
mass to set equatorial, and consequently its line of compression 
axial. 

The antithesis between the deportment of diamagnetic bodies 
and of paramagnetie ones is perfect* Between the points the 
former class set equatorial, the latter axial. Raised or lowered, 
the former set axial, the latter equatorial. The simple substi- 
tution of an attractive for a repulsive force produces this effect. 
A sphere of ferrocyanide of potassium, for example, always sets 
the line perpendicular to the crystallographic axis from pole to 
pole ; but when we take a full crystal, whose dimension along 
its axis, as in one of the cases before us, is six times the dimen- 
sion at right angles to the axis, the attraction of the ends of 
SLK li n nrass is sufficient to overcome the directive action due to 
structure, and to pull the crystal into the axial position between 
the points. In a field of uniform force, or between flat poles, 
the length sets equatorial, and it is the partial attainment of 
such a field, at a distance from the points, that causes the crj^stal 
to turn from axial to equatorial when it is raised or lowered. 
Beryl is a paramagnetic crystal, and when tlie influence of form 
is annulled, it always sets a line perpendicular to the axis of the 
crystal from pol* to pole; a cube of this crystal, at present in 
my possession, shows this deportmcut whether the poles arc 
pointed or flat ; but in the specimen examined the dimension of 
the crystal along its axis was greatest, and hence the deportment 
described* It is needless to dwell upon each particular para- 
magnetic body : the same principle was observed in the prenara- 
tion and choice of all of them ; namely, that the line whiclij in 
virtue of the internal strueture of the substance, would set analj 
was transverse to the length of the body. The directive action 
due to structure waa thus brought into opposition with the 
tendency of magnetic bodies to set their longest dimension from 
pole to pole : between the points the latter tendency waa trium- 
phant ; at a distance, on the contrary, the influence of structure 
prevailed. The substance which possesses this directive action 
m the highest degree is carbonate of iron : when a loKenge, 
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cloven from the crystallme mass, is suspi;uded from the angle 
at which the crystaJlographic axis issues, there is creat difficulty 
in causing the plate to set axial. If the pointb are near, on 
exciting the magnetism the whole mass springs to one or the 
other of the points ; and when the points are distant| the plate^ 
although its length may be twenty times its thickneBS^ will set 
strongly eq^aatonal. An esccitation by one odl was sufficient to 
produce this result. In the experiment cited the residual mag- 
netism was found to answer best, as it permitted the ends of 
the plate to he brought so near to the points that the mass was 
pulled into the axial position. When - the magnet was more 
strongly excited^ and the plate raised so far above the points as 
to prevent its springing to either of them, it was most interesting 
to watch the struggle of the two opposing tendencies. Neither 
the axial nor the equatorial position could be retained ; the plate 
would wrench itself spasmodically from one position into the 
father^ and, like the human spint operated on by conflicting 
passions, find rest nowhere. ' 

The conditions which determine the curious effects described 
in the present clinptcr m^y be briefly expressed as follows : — 

An elongated diamagnetic body beiog suspended in the 
magnetic field, if the shortest horizontal dimension tend, in 
virtue of the internal structure of the substance, to set equatorial, 
it is opposed by the tendency of the longest dinu iision to take 
up the same position. Between the pointed pules the influence 
of length usually predominates; above the pomts and below 
them the directive action due to structure prevails. 

Hence, the rotation o f such a difuaaynetic body, on being raised 
pr lowered, u always fruin the eiiuatorial to the a^ial position. 

If the elongated mass be magnetic, and the shortest dimension 
of the mass tend, in virtue of its structure, to set from pole to 
pole, it is opposed by the tendency of the longest dimension 
to taJce up the same position. Between the points the influence 
of length is paramount ; above and below the points the influence 
of structure prevails. 

Hen^, the rotafum of magmeHB boOett on being rmeed^or 
hmted, i$ abumffefrom the amed to the equatmai position. 

The error of the explanation which referred many of the above 
actions to the presence of two conflicting forces, one of which 
diminished with the distance in a quicker ratio than the otheri 
lies in the supposition, that the assuming of the axial position 
proved a body to be magnetic, while the assuming of the equa* 
torial position proved a body to be diamagnetic. This assump* 
tion was perfectly natural in the early stages of diamagnetic 
research, when the modification of magnetic force by structure 
was unknown. Experience however proves that the total mass 
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of a magnetic body continues to be attracted after it has asaumed 
the equatorial position, while the total mass of a diamagnetic 
body continues to be repelled after it has taken up the axial 
one. 

III. On the Distributiok of the Magnetic Fobcs 

BETWEEN TWO FlaT VoLES. 

In experiments where a uniform distribution of the magnetic 
force is desirable, flat poles^ or magnetized snr&oes^ have been 
recommended. It has long been known that the force proceeds 
with great energy from the edges of such poles : the increase 
of fierce from the centre to the edge has been made the subject 
of a speeial investigation by M. von Koike*. The central portion 
of the magnetic field, or space between two such magnetised 
surfaces^ has hitherto been regarded as almost perfectly uniform, 
and indeed for all ordinary ex]>eriments the uniformity is suffix 
cient. But, when we examine the field carefully, we find that 
the uniformitv is not perfect. Substituting, for the sake of 
convenience, the edge of a pole for a point, I studied the phse- 
nomena of rotation described in the last section, in a great 
number of instances, by comparing the deportment of an elon- 
gated body, suspended in the centre of the space between two 
flat poles, with its deportment when suspended between the top 
or the bottom edges. Having found that the fibre of wood, in 
masses where form had no iiifiueiicc, always set equatorial, I 
proposed to set this tendency to contend with an elongation of 
the mass in a direction at right angles to the fibre. For this 
purpose thirty-one little wooden bars were carefully prepared 
and examined, the length of ea:ch bar being about twice its width, 
and the fibre coinciding with the latter dimension. The bars 
were suspended from an extremely fine fibre of cocoon silk, and 
in the centre of the mnp^netic field each one of them set its 
length axial and consequently its fibre equatorial. Between the 
top and bottom edges, on the contrary, each j)iecc set its longest 
dimension equatorial, and, consequently, the fibre axial. 

For some time I referred the anal setting of the mass, in the 
centre of the field, to the directive action of l^e fibre, tiiough, 
knowing the extreme feebleness of this directive action, I was 
surprised to find it able to accomplish what the experiments 
exhibited. The thought suggested itself, however, of suspending 
the bars with the fibre verUcal, m which position the hitter could 
have no directive influence. Here also, to my smrprise, the 
directive action, though slightly weakened, was the same as 
before: in the centre of the fidd the bars took up the axud 
position. Bars of sulphur, wax, salt of hartshorn, and other 

* Poggciidoiff*s AfKMUm, vol. Izzxi. p. d21. 
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diamagnetic substances were next examined: they all acted in 
ibe same manner as the woodj and ihva showed that the canae 
of the rotation lay^ not in the stmetnie of the snbstancesj hut 
in the distribntion of the magnetic* force around them. This 
distribution in fact was suchj that the straight line which con«- 
neeted the centre of one pole with that of the opposite one was 
the line of weakest force. Ohm represents the distribntion of 
electricity upon the snr^Mses of conductors by regarding the 
tentiions as ordinates, and erecting them from the points toi 
which they correspond, the steepness of the carve formed by 
uniting the ends of the ordinates being the measure of the 
increase or diminution of tension. Taking the centre of th& 
magnetic field as the origin^ and drawing hues axial and equa* 
toridl ; if we erect the magnetic tensions along these lines^ w& 
shall find a steeper curve in the equatorial than in the axial 
direction. This may be proved by suspending a bit of carbonate 
of iron in the centre of the mairtietic field; on exciting^ the 
magnet, the suspended body will not move to the nearest portion 
of the flat pole, though it may be not more than a quarter of 
an inch distant^ but will move equatorially towards the edges, 
though they may be two inches distant. The little diamagnetic 
bars referred to were therefore pushed into the axial position hf 
the force acting with superior po^^ er lu an equatorial direction. 

The results just descril>ed arc siiiiply due to the recession of 
the ends of an elongated body from places of stronger to those' 
of weaker force ; but it is extremely instructive to observe hosV 
this result is modilicd by structure. for example, a plate 
of bismuth be suspended between the poles with the plane of 
principal cleavage vertical^ the plate will assert the equatorial 
position from top to bottom ; and in the centre with almost the 
ssine force as between the edges. The cause of this lies in the 
structure of tiie bismuth. Its position in the field depends not 
BO much upon the distribntion of the magnetic force around it/ 
as upon the direetion of the ibrce through it. I will not, however^ 
anticipate matters by entering further upon this subject at 
present* 

IV. COMPABATIVE ViEW OF PARAMAGNETIC AND DiAMAQNETIC 

Pm^NOMENA. 

1. State of Diamagnetic Bodies under Magnetic Injluejice, 

When a piece of soft iron is brought near to a magnet, it is 
attracted by the latter: this attraction is not the act of the 
magnet aloncj but results from the mutual action of the maguet 
and the body upon which it oj)erates. The soft iron in thia 
case is said to be magnetized by intluence ; it becomes itself a 
magnet, and the intensity of its magnetization varies with the 

PML Mag. S. 4. Vol. 10. No. 65. S^tn 1855. N 
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mbcengik of tiie iDflnenjeiiig^ magnet PoiBBon figoied the acil> 
q£ magnetitatiion u eoniiBting of the decomposition of a neutnl* 
magnetic fluid into north and aonth magnetiam, the amount of • 
die decomposition being proportional to .the atrenigth of the 
magnet whicli produces it. Ampere, discarding the no^n of 
magnetic flmds, figured the mokcales of soft iron as surrounded 
by ouirents of ekcthcity, and conceived the act of magnetiiation 
to consist in setting the planea of these molecular currents 
parallel to each other : the degree of paralkliam, or in other 
words, the intensitjr of the magnetization, dependiii^e, lis in 
Poisson'a hypothesis, upon the strength of- the inflaencing 
qiagnet. 

The state into whicli the soft iron is "here supposed to be. 
thrown is a state of eonstraintj and when the magnet is removed,- 
the substauce returns to its ndrmal condition. Poisson's sepa- 
rated liuids rush together uuce more, and Ampere's molecular 
currents return to their former irregular positions. As our 
knowledge increases, we shall probably find both hypotheses 
inadequate to represent the phaenomena ; the only thing certain 
is, that the soft iron, when acted upon by tlie magnet, is thrown 
into an unusual condition, in virtue of which it is attracted ; and 
that the iTittnisity of this condition is a iimctiun ui the force 
which produces it, 

' There are^ however, certain bodies which, unlike soft iron, 
offer a great resistance to the imposition of the magnetic stated 
but wbcai once tbey are manietaicd they do not, on the removal 
of die magnet, return to their nentm oondkion^ but on thli 
^trary retain the magnetiam impreaaed' on them* It ia in 
virtue of thia quality that steel can be formed into coiiipdaa 
needlea and permanent magnets* This power of reaistaiiee lm4 
letcntioii ia named by Foiason eoeiMsive force. 
. Let us connive a body already magnetised, and in which 
iK>erciTe force exists in a very high d^r^e — a piece of ray hard 
steel for example^to be brought near a magnet, the strength 
of which is not sufficient to magnetize the ated further. To 
simplify the matter let us fix our attention upon the south pole 
of the magnet, and conceive it to act upon the north pole of the 
piece of steel. Let the magnetism of the said south pole, 
referred to any unit, be ^I, and of the north pole of the 
steel, M'; then their mutual attraction, at the unit of distance, 
is expressed by the product MM^ Conceive now the ma^^net 
to increase m power Irom M to nM, the steel being btill suj^iposcd 
hard enough to resist magnetization byinfimence; the mutu«d 
attraction now will be . 

or n times the former attraction hence when a variable nukg-i 

I. 



netic pole acts on an oppoiiite on^ of constant pow€r> the attltae^ 
tion is proportional to the strength of the former, 
. Let U8 now take a body whose liiiignetiflation varies with that 
of the magnet : a south pole of the strength M induces m such 
a body a north pole of the strength Ml, and the attractioil which 
retiuitb irom their mutual action is ' ' ' - 

Let the strength of the influencing south pole increase froni 
M to nM ; then, assuming the magnetism of the body under 
influence to increase in the same ratio, the strength of the above- 
incntioncd north pole will become nM', and the attraction^ 
expressed by the product of both, will be 

ii«MM'; 

that is. to say, the attrastioii <»f a body itfugiietiaed b^ ispSLvu&Bft^ 
and Vhoae magnetiflia varies as Ihe jri^ngth of the iiiflme|ieing 
mi^et, is propctftional to the tqfuare, ^ the silreiigfth jof tile iKtter« 

Hm aJkm is n mark of distinction between those bodioB yhieh 
have their power of exhibiting magnetic phsenomena conferred 
upon tiiem by the magnet, and those whose actions are dependent 
upon some constant property of the mass : in the iafbier case 
the nesohant action will be simply pr^ortional to the strength 
of the magnet, while in the former case a different law action 
will be observed*. 

The eaamination of this point lies at t)ie Tery founA^on of 
our inquiries into the nature of the diamagnetic force. Is the 
repulsion of diamagnetic bodies dependent merely on the mass 
considered as ordinary matter, or is it due to some condition 
impressed upon the mass by the influencing magnet ? This 
qnestion admitsi of the mo«?t complete answer either by eomparing 
the IK crease of repulsion with the increase of power m the mag- 
net which produeesi the repulsion, or by comparing the attraction 
of a paramaLTiietic body, which we know to be thrown into an 
Unusual cm nil tion, with the repulsion of a diamagnetic body^ 
whose condition we would ascertain. 

Bars of iron and bismuth, of the same dimensions, were 
submitted to the action of an electro-magnet, which was caused 
graduaiiy to increase in power ; commencing with an excitation 
hy one cell, and proceeding up to an c xeitation by ten or lifteen. 
The strenorth of the current was m each case accurately measured 
by a tangent galvanometer. The bismuth bar was suspended 
between tbe two flat poles, and, when the magnet was excited, 

* This test was first pointed out in a paper on the Polarity of Bismuth, 
Phil. Mag. Nov. 1851, p, 333. I have reason, however, to know that the 
ttatie thought occurred to M. Poggeudorff previous to the pubhesdon of 
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took up the equatorial position. The iron bar, if placed directly 
between the poles, would^ on the excitation of the magnetism, 
infallibly spring to one of them ; hence it was removed to a 
distance of 2 feet 7 inches from the centre of the space between 
the poles, and in a direction at nglit an tries to the line wluch 
united them. The magnet being excited^ the bar was drawn 
a little aside from its position of equilibrium and then libe- 
rated, a series of oscillations of very small amplitude followed, 
and the number of OBcilktions accomplished m a minute was 
carefully ascertained* Tables III, and lY. contain the results 
of experiments made in the manner described with bars of iron 
and biamutii of the same dimensions. 



TM6 III. 



Bar of soft iron, 
IeDgthO-8 
width 0*18 
depth 0*15 

Strensth of eumait. 
168 
%U 
248 

m 

362 
385 
411 



No.l. 
of an inch, 
of an inch, 
of an inch. 

Attnustion* 
168^ 

268> 

275« 
3132 
3472 
374« 
885« 



Table IV. 



Bar of bismuth, 
length 0-8 
width 018 
depth 0*15 

Strength of current. 
78 
186 
184 
226 
259 
287 
341 
377 
411 



N0.I. 
of an inch, 
of an inch, 
of an inch. 

Repulsion. 
78* 
186« 
191« 
226* 
259« 
291« 
3222 
359* 
886^ 



These experiments prove, that, up to a strength of about 280, 
tlic attractive force operating upon the iron, and tlic repulsive 
force acting upon the bismuth, are each accurately projjortional 
to the square of the strength of the magnetizing cuirent. For 
|iigher powers^ both attraction and repulsion increase in a smaller 
ratio; but it is here anffident to show tkU; the diamagnetic ice* 
pulsion follows predsdy the same law as the magnetic attraction. 
So accurately indeed is this parallelism observedj that while the 
foms at the top of the tables produce attractions and repulsiona 
exactly equal to the square of the strength of the current, the 
same strength of 411, at the bottom of both tables^ produces in 
iron an atl^Mstion of 385^, and in bismutii a repulsion of 886^« 
The numbers which indicate the strength of current in the first 
column are the tangents of the deflections obserr^in each case : 
neglecting the indices, the figures in the second column express 
the number of oscillations accomplished in a minute^ multiplied 
by a constant fector to facihtate comparison ; the fmea opera* 
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ting upon the bars being proportional to the squares of the 
number of oscillations^ the simple addition of the index figure 
completes the expression of these forces. 

In iJiese experiments the iHsnrath bar set ocnwi tiie fin« of 
mBgnetie foroe^ wHile the bar of iron let akmg them ; the former 
wu so cat from the eiystalline mass^ that the phine of principal 
cleavage was parallel to the length ^ the har^ and in the exp«ri<* 
meats hang vertioal. , I thought it interesting to examine the 
deportment of a bar of bismuth which should occupy the same 
position^ with regard to the lines of force, as the bar of iron ; 
that is to say^ which should set its length axial* Such a bar is 
obtained when the planes of principaL cleavage are transverse to 
the length. 

Bar of bismath^ No. 2» 

Length 0*8 of an inch ; width 0*18 of an inch ; depth 0*15 

of an inch. 

Sei axial between the excited poles* 



Slienglli of euiront* 


Repulsion. 


68 




183 


187« 


218 


21 8« 


248 


249* 


274 


273^ 


315 


309* 


864 


3502 


401 


366* 



A d^ortment exactly similar to that exhibited in the fore- 
going cases is observed here also : up to about 280 the repnl* 
sions are accurately proportional to tlin squares of the current 
Btrcngths^ and from this point forward th^ increase in a less 
ratio. 

A paramagnetic substance was next examined which set its 
length at right angles to the lines of magnetic Ibrce : the sub- 
stance was carljonate of iron. Tlie native crystallized mineral 
was reducetl to powder in a mortar, and the powder was com- 
pressed. It was suspended, like the bismuth, between the flat 
poles, with its line of compression horizontal. When these poles 
were excited, the compressed bar set the line of pressure from 
|>ole to pole^ and con8ei|cieatly its length equatorial^ 
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Table VL 

Bar of eotiipteased cazlxmate of iioii. 

Xiength 0*95 of an inch; width 0*17 of an inch ; depth O'^^S 

of an inch. 

Set cqualorial between the excited poles. 



Strength of ciurent. 


Attraction. 


74 


7^ 


135 


133« 


179 


180« 


214 


218« 


249 




277 


280« 


841 


83a> 


881 


858< 



. It 18 needless to remark upon the }>erfect wmlarity of deport- 
ment here exhibited to the oms previously recorded. 

In theibilowing inetfOiceB the same law of increase ia obaei^ 
vable. 



Table y 11. 

Snlphate of iron^ No. 1. 
length 0*75 of an inch, 
width 0-22 of an inch, 
depth 0*27 el an inch. 

8^ axkU heiween tke exdtid 
poles. 



Strengtli of cmreut. 

71 
1811 
• 217 
280 
828 
859 



Attraction. 

70^ 
188^ 
220* 
275« 

833« 
848^ 



T^ble Vill. 

Sulphate of iron, No. 2. 
length 0'75 of an inch, 
width 0 22 of an inch, 
depl^ 0*27 of an ineh. 

Set equatorial between the 
e&dpoke. 

Strength of ciureut. Attraction. 

70 68« 

121 128« 

208 867> 

271 268^ 

: 881 808« 

870 884^ 



In sulphate of iron ttere is one (lircction, whichj in virtue of 
the molecular structure of the substaucc, sets strongly from pole 
to poie. The bar No. 1 was so cut that this direction waa 
parallel to its length, which therefore Bet axial ; while No. 2 liad 
the same direction across it, thus causing the length of the bar 
to aet equatorial. 

Two comparative series were finally made with two prismj^ of 
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uon and of bismuth^ more massive than those previoiuly ex- 
amined* 



Table IX. 

Bar of iroD^ No. 2. 
length 1*0 inch, 
width 0*3 inch. 



d^th 0*3ineh. 


depth 0*3 inch. 


BtMBgCh of eniKuft. 


^kttisctMia* 


StiiBglh of ewf 


enl. Bepidn 


70 


71« 


70 






122« 


186 


121« 


167 


168« 


164 


166« 


206 


204« 


206 


2052 


268 


2602 


246 


248* 


322 


311* 


276 


279* 


866 


888» 


364 


844^ 



Table X. 

Bar of bismuth^ No. 3. 
length I'O inch, 
width 0*3 inch. 



These experiments ean leave little doubt upon the mind> that 
if a magnetic body be attracted in virtoe of its being converted 

into a magnet, a diamagnetic body is repelled in virtue of its 

being converted into a diamagnet. On no other assumption can 
it be ex|)lained, why the repulsion of the diamagnetic body, like 
the attraction of the mafinetie one, increases in n. so much quicker 
ratio than the force of the magnet which prodiiees the repulsion. 
But, as this is a point of great importanec, I will here introduce 
corroborative evidence, derived from modes of experiment totally 
different from the method already described. By a series of 
measurements with the torsion balance, in which the attractive 
and re])ulsive forces were determined directly, vrith the utmost 
care, tlie iclation of the strength of the magnet to the force 
acting upon the substances named in Tables Xl.^ Xlh, and XIII. 
was found to be as follows » 



a^bleXI. , Table XIL 

Spheres of native sulphur. ! Spheres of carbonate of lime. 



Strength of 


Ratio of 


Strength of 


Ratio of 


magnet. 


repuUions. 




repiilfsiun 


96 


06< 


134 


134^ 


153 


158« 


172 


173« 


222 




213 


212^ 


265 


264« 


259 


2642 


816 


816^ 


810 


811« 






870 


874* 
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Frof» Tyndail on the Nature of tJte Force by which 

Tabic XIII. 
Spheres of earboDAte of iron. 

Strength of maguet. Ratio of attractions. 

66 66« 
■ 89 * 89« 

114 n4« 

141 141« 

In confirmation of these reanlts I will cite a series obtained 
by M. E. Bccquerel*, wbose experiments first showed that the 
fepnlsioi of diamagnetic bodies follows the same law as the 
attraction magnetic ones. 

Bar of sulphur. 

Length 25 niillims.; weight 840 milli?;rras. 

Squares of the Quotients of the repulsioiw 

magnetic intensities. by the magnetic intensitiei. 
86-58 0-902 
27*60 0*929 
26*84 0*906 
16*88 0*920 

The constancy of the quotient in the second column proves 
lliat tlie ratio of the repulsions to tliii squai'es of the magnetic 
intensities is a ratio ol equality. 

I will also cite a series of experiments by Mr. Joulef, which 
he addnoea in conlBrmation of the results obtained by M* E. 
Becquerel and myself. 

Bar of bismuth. 

2 2« 

4 4* 

Let us contrast these with the results obtained by the same 
gentleman^ by permitting the magnet- to act upon a hard mag- 
netic needle. ' 

Magnetic needle. 
Length 1*5 of an inch. 

Strenatb ot nuwnet. Attrsctioii. 

1 1 

2 - 2 
4 4 

* Annales de Chirm «f ds Vhfnqnie, Sid aeiiesi vol. xmi. p. 902. 
t PhiL Mag. 4th scries^ yol. id. p. 32. 



SdAi^e fepeUedfrom the Pole* of a Jfe^. 177 

Here we find experiment in strict accorclancc with the theo- 
retical deduction stated at the comnienceuicnt of the present 
chapter. The intensity of the magnetism of tlic Btccl needle is 
constant, for the steel resists map^netization by influence ; the 
consequence is tlial tbc altiacUou is biinply proportional to the 
strength of the magnet. 

A consideration of the evidence thus adduced from indepen- 
dent sources^ and obtained by different methods^ must, I imagine^ 
render tbe conclnflion certain that diama^tic bodies^ like mag. 
netic onea^ exhibit their phsenomena in virtne of a state of mag* 
netiaation induced in tnem by the influencing magnet. This 
conclusion is in no way invalidated by the recent researches of 
Hll. Pliicker, on the law of induction in paramagnetie and dia- 
uagnetic bodies, but, on the contrary, derives support from his 
experiments. With current strengths which stand in the ratio 
of 1 : 2, M. Pliicker finds the repulsion of bismuth to be as 
1 : d'62, which, though it falls short of the ratio of 1 : 4, as the 
law of increase according to the square of the current would have 
it, is sufficient to show that the bismuth was not passive, but 
acted the part of an induced diamagnet in the experiments. Tn 
the case of the soft iron itself, M. Pliicker finds a far greater 
diverrrencc; for here currents which stand in the ratio of 1:1^ 
produce attractions only in the ratio of 1 ; 276« 

2* Duality of Diamoffnetie Madtemeni, 

Haviug thus sulVly established the fact that diamagnctic 
bodies are repelled, m viitue of a certam state uito winch they 
are cast by the influencing magnet, the next step of our inquiry 
IB Will the state evoked hf one magnetic pole fiiciHtate; or 
prevent, the repulsion of the diamagnetie body by a second polo 
of an opposite quality ? If the force of repulsion were an actioii 
on the mass, eonsiidered as ordinary matter^ this mass^ being 
repelled by both the north and the south pole of a magnet^ when 
they operate u]x>n it separately^ ought to be repelled by the sum 
of the forces of the two poles where they act upon it together* 
But if the excitation of duunagnetic bodies be of a dual nature, 
as is the case with the magnetic bodies, then it may be expected 
that the state excited by one pole will not facilitate, but on the 
contrary prevent, the repulsion of the mass by a second oppottte 
pole. 

To solve this question the apparatus sketched in fig. 5a. 
Plate IV. was made use of. AB and CD are two helices of cop- 
per wire 12 inches long, of 2 inches internal, and of 5| inches 
external diameter. Into them fit soft iron cores 2 inches thick : 
the cores are bent as in the figure, and reduQc4 \o flat durfacea 
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jdoBg f}ie line ef, so ihat wlm Hbe two wmicyliiidncid ends m 
pliioed togetlieri they eomrtitute » Vfrlinder of the lame diameter 
.i|8 the cpies within the heUoe«*< uifront of these poles «barof 
pwe bismuth gh was suspended by ooeoon taSk ; by imparting a 
tittle tprsion to the fibre^ the end of the bar was eaosed to oieas 
gootly against a plate of glass tA:^ which stood between it ana the 
jnagnets. By means of a current rererser the polarity of one of 
the cores could be changed at pleasure ; thus it was in the experi- 
inenter's power to excite the cores^ so that the poles should 
be of the same quality, or of opposite qualities. 

The bar, being held in contact with the gftss by a very feeble 
torsion, a current was sent round the cores, so that they pre- 
sented two poles of the same name to the suspended bismuth j' 
the latter was promptly i tpelled, and receded to the position 
dotted in the fip^ure. On interrupting the current it returned 
to the glass as before. The cores were next excited, so that two 
poles of opposite qualities acted upon the bismuth j the latter 
^mained perfectly unmovcdf. 

. This experiment shows that the state, whatever it may be, into 
^hich bismuth is cast by one pole, so far from being favourable 
*tb the -action of the opposite pole, completely neutralises the 
;effeet of^elfitter, A po^eet analogy is thus esta^^ 
the'deportment of thepismnth ana that of soft iron under the 
same drcumstanoeiB ; for it is well known that a similar neutral^ 
isation oeeurs in the latter case. If the repulsion depended upon 
the dh^raet' strength of the poles, without reference to their 
.quaUty, the repulsion, when the poles are of opposite names, 
pUght to he greater tluui when they are alike ; for in the former 
we the poles are greatly strengthened by their mutual inductive 
i^;tion| while, in the latter case, they are enfeebled by the same 
jipause. But the fact of the repulsion being dependent on the 
quality of the pole, demonstrates that the substance is capable 
of assuming a condition peculiar to eaeh pole, or in other words, 
19 capable of a dual excitation |, The experiments from which 

* The ends of the semicyliiiders were turned so as to present the bluiite4 
apex of a cone to the mass of bismuth. 

' t A shorter bar of bismuth tlian that here sketdied, mih a light indeK 

«ttachetl to it, malces the repulsion more evident. ItBUKJfbethuaieildend 

visible throughout a large lecture-room. 

. X biuoe the above was written^ the opinion has been expressed tp me. 
that the action of the wnWte poles, in the experiment before iu, is -''diverted*' 
from the bismuth upon each other, the absence of repulsion being diie te 
4his fliversion, and not to the neutralization of inductiona in the mass of 
-the bi&muth itself. Many, however, will be influenced by the argument 
as stated in the text, who would not accept the intermretation referred to ia 
this note ; I therefore let the ailment stand, and hope at QQ distsnt dsj 
to return tp the subject.— J. T.j May 5, 1856. 
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these co^cl1tt^o|w «re dnm «ie a maoufeat oonobcwitioa 4i|09^ 
flittde M« Reich wit]i steel magiiete. 
. If we toppoaethefliitaiufiMseBof the t^^ 
eoDititiite the eada of the cores to be in contacti and the eores 
90 eieit^ tbat the poles P and P' are of different quaUtiea* tiie 
amngemeiit, it is evident^ Ibnus a trae electro-magnet of thq 
horseshoe form ; and here the pertinency of a remark made by 
M. Pogge^dorffj with his usual deameaa of perGeption^ become^ 
manifest ; namely, that if the repulaion of diamagnetic bodiea b^ 
an indifferent one of the mass merely, there is no reason why 
they should not be replied by the oeutre of a magnet, aa wel^ 
aa by its ends. 

[To be oo&tiniifld.] 



XSJU On the Fhmction pf Salt in J^frieuUure, By A. Bxav^ 
CRAMF NoBTHCOTEj Es^,^ Soikr AuUtmt m thg JRayn^ Cohi 
lege ofChemktry^m 

THE employment of salt in agriculture has been of late years 
so much extended, that the question of the advantages 
derived from its use, which formerly gave rise to so many discus- 
sions, can no longer be raised. Such an accumulation of fects 
with retccird to ita action has now taken place, that it is only 
necessary to pass judgement upon the evidence recorded; and 
as the practi^ results which haye been obtained by its judicious 
application ba^ been all more or less of a beneficial tendency, 
Cue verdiet given cannot fail: of being in its &vomr. • It aeems tp 
be an in^ntrovertible faot, ^at the ap^lieatioh'of sialt to certain 
lands ddes increase thdr fertiUty, and improve the dianietesiif 
the crops grown upon them; and if this is the case, it is most 
desurable that we should have as clear an idea- as possible of ihfi 
roHonale of its action. I do not in the present pap^^'profeas tb 
aupply this explanation, althongh I hope that. ibe experiment 
i^hich I am about to detail may serve to ihroV'SOine l^t npoii 
a somewhat obscure subject. 

It has long been held that the beneficial action which salt 
exerts upon soils is due to a power which it possesses of tixing 
ammonia, and wiiii this view it has fn (jucntly been spread over 
the surface of diing-hcaps, or other organic matters decomposing 
into marmres (sometimes also being mixed up with them), with 
the view of preventing the escape of the ammonia produced in 
the course of eremacausis : m some cases success has attended 
thchc trials, and in some, failure. The question of iU abaorptioi^ 

« Cotninwriffrtwlby tihe Aniifecs* . . \ 
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of the ammonia eliminated daring these changes^ is a matterj 
the investigation of which most necessarily be intended ivith 
great diffiemty; bat with respect to its capability of soeh ab- 
sorption^ I am informed by my friend Mr. Frideaoz^ that he 
has habitnally obsenred that salt mixed with guano retards the 
eadudation of ammonia from the latter; and he has directed 
my attention also to some expeiiments'i' conducted by M. Barralj 
one of which proves this point in a remarkable degree. M. Bar- 
ral exposed to the air for fifteen days^ equal weights of guano^ 
and of guano previously mixed with half its weight of salt : the 
amount of nitrogen in each being determined at the end of that 
time, he found that the pure guano had lost 11 "6 per cent, of 
its nitrogen, whilst that mixed with snlt had lost only 5 percent. 
Before enteriiifr, however, upon tlie cxpcrinients which I have 
made upon this subject, and which I may Iuto state have exclu- 
sive reference to the absorjjtion of ammonia, 1 will give the ana- 
lyses and table of constituents calculated from them, of three 
specimens of agricultural salt which I have eiLaminedf* 



Table of direct lesalts of Analysis caleolated to 100 parts 

of die dry salt. 





Ko.1. 


No. II. 


No. III. 


Portion soluble in water*.. 






mao 




07-803 


contains — 














4INI61 


51-841 




50-790 






1-711 


•403 




•593 




Magnesia .••.•(••••t....... 


•084 


•112 




•111 






54-824 


58^9S8 




57-217 






4*5S1 


1*4M 




2-0411 






tntoe 


tUM 




liaee 




Portion tnsoliildeiB i»ler 






•480 






contains — 








•078 






•064 


trace 








•038 


•013 




•037 






'026 


•017 




•472 






•161 


•116 




•319 






tuca 


trace 




trace 






•793 


•190 




1044 






•091 


•014 




•099 






•654 


•lao 




•150 






loo-ouo 


100000 


100000 



* Edinburgh Quarterly Journal of AgrieultuTe, A{nnl 1856. 
' t The three specunens of which the analyses are given were all produced 

from the Worcestershh-e brine-springs ; No. I. being from Mr. Corbett's 
works nt Stoke Prior; Xo9. 11. nnd III. from Messrs. tJlay and.jNewmau'a 
dad ^Ir* Noak't works at Droitwicli* reapec^Iy. 



Table of Constituents calculated to 100 parts of the dry salt. 







Mo. 11. 


No. III. 


Sulphate of lime ... 
ouipiuiie 91 nuigncsiii 
Sulphate of ?oda ... 
vuionae oi socuuiu ••• 

Soluble in water... 
. By experiment... 

Ctrbonatc of lime ... 
Carbonate of magnesia 
FlMMpliattoof •lamiiu 


•252 
3-388 
90-342 


1197 

•336 

•8 SO 

97106 


1440 

■330 
1-734 
ii4-2b7 


98*137 

98174 

•114 

•079 
trace 

•026 
•161 
•792 

•eM 

* 1-826 


99*619 

99-520 

trace 

•027 

tnee 

•017 

•116 

•190 

•MO 

-480 


97*791 

97*803 

•135 
•077 
trace 

•472 
•319 
1-044 

2197 


Sesqiiioxidc of iron 


Insoluble in water 


TPotil •>••••••■•••••• 


inrvno 




99*988 



Since the ammonia which occnrt in nature, whether eliminated 
directly from decaying organic matters^ or existing as atmospheric 
ammonia, is invariably in the immediate prince of an enormous 
excess of carbonic acid, we may safely conclude that it is always 

in the state of carbonate ; and as, on the one hand, it ia brought 
do^^ to the earth from the atmospheric regions dissolved in rain 
or deWj and^ on the other, when met with in tiie salt itself, is 
usually in the presence of abundance of moisture, wc may infer 
that the carbonate of ammonia is presented to absorbent a^^ents 
in the soil for the most part in a state of solution. I ilo uot 
think, therefore, that any great departure from the natural course- 
of things can be alleged against the following experiments, which 
have been made with a solution of the commercial so-called ses- 
(|ui( arbonate of ammonia, containing 4*3 per cent, of ammonia 

Taking, then, these specimens of agricultural salt m the state 
in which they are supplied at the salt works, the first thing was 
to ascertain whether any absorption occurred upon mixing them 
in that condition with this solution of earbonate of ammonia. 
Quantities of from 2 to 3 ozs. of the salts were placed in wide* 
mouthed bottles, and small quantities of the standard ammonia 
Bolutionadded^containing an absolute amount of ammonia (NH*0) 
varyukg from *15 to *04 of a grain* The contents of the bottle 
were shaken together, and an extremely delicate red litmus-paper 
inserted; it was completely blued in a minute or two ; and as the 
same action took place after allowing the salt and ammonia solu- 
tion to remain all night in contact, the £tct that no absoiptioii 
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h^d occurred was considered to be clearly proved. Water was 

.then added in quantity just sufficient to moisten the salt, and 
upon the rc-insertion of the test-paper, a diminished bhicin^: 
showed that the ammoma was being absorbed* ; water wus agiiin 
added, yet in insufficietit quantity to dissolve the whole of the 
salt, and the action upon the litmus was gone. In this way, by 
alternating the addition of the ammonia and the solution of the 
salt, the presence of the amuionia might be rendered more or less 
distinet, or unrecognizable. The reality of the absorption was 
thus rendered uiidcuiablc ; and il was equally evident that the so- 
luble portion of the salt contained the absorbing agents, since the 
disappearanee ci the ammonia bore a direct proportion to the eom** 
pleteneBS of their solution. It then became a queetioii as to whieh 
of the constituents of the soluble portion this agency was due. 

Now the chloride qf sodium being the largest ingredient, it 
was desirabie at once to ascertain the part whi^ it played in the ' 
matter : a satiirated solution of the pure substance was tberefote 
prepanidy measured quantities of it taken, placed in bottles^ and 
ahi^n with successive portions of carlKmate of ammonia aoltt^ 
tion until a decidedly blue tinge was produced in the litmus- 
'p^>er, which, for the purpose of having a standard test, was le& 
enclosed in the atmosphere within the bottle for the space of five 
minutes. As the amount of ammonia added approached the 
maximum, its absorption became correspondingly slower, and it 
was necessary to leave it in contact with the salt solution for 
periods of from one to twelve hours; a point was, however, 
•always reached at which a certain tinge of colour was communi- 
cated to the paper, the intensity of which was not lessened if the 
^test was applied again after a lapse of several days. 
' The following are the results which I \vd\c obtained in expe- 
rimenting With a saturated solution oi pure chloride of isodium 
in the above manner :— 



: . . * , " 

Eiqperiment* 


100 p-ains of iturLited solu- 
tion of pure chloride of 


Henrf lOii [:r;iirr-: of solid 
chloride of liodium will 


I. 

II* 


•0324 grain ot NH*0. 
•0233 d». 

am do. 


■1222 grain of NH<0. 
•0881 do. ] 
•1097 do. 




^sn do. 


Am ^. 





^fbM iMunlKni require a shgbt coneetMNi to makse tbem abso- 
lutely trae eapicmom for the absorbing power of eUoride af 

* With regard to the delicacy of the litmus-paper here emj)loved, I maj 
4$fcate that a quantity of the atunnonia solution oontumng '04 or a fft&a m 
'NHH>, being placed in an empty botlle, 1l» pqier mts intensely Uaed 
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sodium^ because^ in addition to the tnlimg excess unavoidably 
added in order to obtain the blue tint on the litmus-paj)er (which 
i« so Blight that it need not, and indeed could not, beregarded)j 
the water in which tlic salt is dissolved exercises a certain amount 
of absorption : this is not, however, much ; the q^uautity of water 
IKmtain^ in the above 100 grains of saturated solution maskiiQ^ 
<Mfi of a grain of ammonia (NH'^O), which would make thtt 
tnie amoont abBorbed by 100 graina of aalt aolntion^ <saB7 dn, 
grain j and that abaorbed by 100 graina of solid aalt, *0698 of a 
gfam. Thia^ bowevor^ will not a&et tho aabaeqnent Gq>erimenta« 
Bnt the amoont of ammonia absorbed bythia conatituent^ 
itthoagh really very eonsidend^le, and of great imnortanoein afl 
agricultural point of new, did not ^et oorreapond to the appa* 
rent absorbing power possessed by the speeunens of agrieoltiual 
salt. The following comparatiTe experiments wm tbeieAiri 
made with the view of asoertaining the absolute amonnt of am^ 
monia whieh these samples abscnrbed. The solatkma used for 
these experiments were prepared by digesting great ezeess of 
the salt with cold water for some time, so as ^to approximate 
the manner of making the solution as closely as possible to that 
which would ofcur in nature. The experiments themselves were 
varied by diluting both the ammonia and Bait aoluti(»My without 
any.very grea^ difOerence of result. 



A^rUuUwral Salt, No. L 




I fin pnuns of the tohitlon 
of this aalt ivill atMorb 


Hence luit ^rrains of the 
aoBd Wh r >nt [lined tn the 
•queoui aolution^ will 
abmb 


L 
IL 

III. 


•1479 grain of NH*0. 
•1517 

•1517 do. 


•6207 gramof NH*0. 
•6361 dow 
•6861 . do. 




•1504 do. 


•6309 do. 


AgricuHwni 8di, No* 11. 

WM' — _ . 


I. 
II. 

m. 


•1304 grain of NH^. 
•1349 do. 

'\m do. 


•4918grainofNHH>. 
•5049 do. 

dow 




•1331 do. 


•5005 do. 


A^cuUwal SaU, No. III. 


I. 

n. 

UL 


*1486 grain Of NH«0. 
•1627 do. 
•1543 do. 


'6538griiaofNH^. 

•5686 do. 
'5746 do. 




*1S18 do. 


*M4 dh^ 
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Now as BOOH as the •olataon of carbonate of ammonia is 
dropped into time salt •olntumay thwe ooeurs (as might have 
been anticipated) a precipitation of the sulphate of lime wUch 
they oontain as carbonate ; this mnit b^ ettended intita eocre* 
apondin^ fixing cf the ammonia^ the latter combining with the 
salphttric acid to which the lime was previoualv united ; and by 
this reaction^ the immense difference observed between the ab-« 
sorbing power of these solutions and that of a solution of pure 
ehloride of sodium would appear to be accounted for. Whether, 
then, by its own immediate agency, as in the case of manuring 
with gypsum^ or by the intervention of the fibsorbent power of 
the emoride of sodium^ the soluble lime*salt present is really the 
most powerful agent in the absorptive process — a fact which waa 
still further demonstrated by the addition of a few drops of solu* 
tion of chloride of ealoinin to some of the ])ure chloride of sodium 
solutions^ to whichj lu the previous experiments, the maximum 
of ammonia soliitinn had been added, — instant absorption, and 
consequently dimmished action oa the test-paper, was of course 
the result. 

The absorptive power of the specimens examined ought there- 
fore, if so dependent upon the amount of lime-salt, to be almost 
in the ratio in which that exists in their soluble poi tioa. The 
subjoined Table will, however, show a diac;rcpancy m this.par'n 
ticular. . 



Composition of the portion soluble in water, calcuUited 

to 100 parts. 





No. I. 


No. II. 


No. III. 




4-234 
•256 
3-452 
92 058 


1-203 
•884 

97 m 


1-474 
•336 
1-773 
96-417 


100-000 


UKHXX) 


XM-000 


Ammonia absorbed by 1001 


•6309 


'6m 


•6654 



If, now, we compare the quantity of sulphate of lime which these 
salts respectively contain with the amount of ammonia which they 
are capable of absorbing, we find no such proportion as might have 
been expected. This arises from the extreme insolubility of the 
sulphate of lime compared with the solubilities of the other con- 
stituents of the salt; and fresh lime-determinations in the solu- 
tions actually employed in the absorption experiments showed, 
that notwithstanding the different composition of the three salts, 
the amount existing in the solutions prepared as before described 
was very much the .same* The other cpnatit ue n t s^ koixi tkfos 
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possessing a comparatively equal solubility with chloride of 
sodium, cannot be supposed to vary uiucli ; and the true com- 
position of the salts contained in tiiti isolations employed, as given 
below, will be seen to present a very close coincidence between 
the per-centage of lime-salt and of ammonia absorbed. 

Beal compodtioii of the salts dissolved for the absorption 
experimentSj calculated to 100 parts. 



1 




rn. 


Sulphate of lime (determined). 


1-356 

•264 

3o55 
94-825 


1-039 

•338 
•88(J 
97-737 


•337 

1-779 

iiG 702 

- 


100000 


100-000 


100000 


Ammonia absorbed by 1001 


•6309 


•5005 


•5654 

r 



We ought, then, to have an index to the absorbing power of 
a salt by a knowledge of the quantities of chlohde of podium 
and of soluble lime-salt which it contains ; an equivalent of lime- 
salt fixing an equivalent of ammonia, — and the chloride of sodium, 
the per-oentage which it has been above shown to absorb. Let 
US i|ow apply this method of determination to the samples under 
experiment. 

No. 1. 

Total number of grains of ammonia absorbed! 

by 100 grains of salt J 

Deduct the absorbing power of 1*356 grain of \ 
sulphate of lime * ■ J 



*6309 
•6187 



Deduct the absorbing power of d4*8S}5 grains'! 
of chloride of sodium j 



No. II. 

Total number of grains of ammonia abeorbedl 

by 100 grains of salt , J 

Deduct the absorbing power of 1*089 grain of i 
. sulphate of lime t . • * i . . t J 

Deduct the absorbing power of 97*737 grainsl 
of diloiide of sodium j 



-1122 

4 

•1000 

•012;^ 

•5005 
•8973 
•1032 

ao4i 
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Total number of grains of ammonia absorbed! 

by 100 grains of salt JT 

Deduct tbe absorbing power of 1*182 grain of"1 .45x9 

sulphate of lime j 

Deduct tbe absorbing power of 96*702 giviiul .mon 
of chloride of sodium J 

•OlOS 



tt will be seen tkat io Nob* I. end tU. a alight excess of am- 
monia remains unaccounted for; this is partly^ oi course, due to 
an unavoidable excess which must in every experiment be added ; 
but I have observed, that throughout the operation, even when the 
ah^rption is most active, and even after several hours' contact, 
there is yet a feeble tinge imparted to the litmus-paper when 
left in the atmosf^m within the bottle fbr five miniiteB. This 
would seem to fibow^ that at all stages of the process there is a 
certain amount of counteraction going on, and it becomes a great 
questiofi Whether ^s action-— which appears trivial when we deal 
with a comparatively large amount of ammonia^ as in these eit* 
periments-— Would not in practice nullify to a great extent, or al 
least diminish considerably, the absorbent power of this agent, 
when, 8^:ead on the surface of the soil^ minute quantities only 
of ammonia came within the sphere of its action, and theabsoip* 
tion was distributed over a considerable portion of time. 

I believe that this counteraction and liberation of ammonia 
may be traced to the solubility of the carbonate of lime m the 
absorbing liquid: upon the addnion of the lirst few drops of 
carbonate of ammonia solution to the solutions of the salts, the 
siiKill quantity of precipitate which was produced was iuiuK di- 
aielv and perfectly dissolved by ag:itating the liquid ; tins was 
doubtless partly due to the excess of carbonic acid which was 
evolved from the sesquicarbonate of ammonia, but a considerable 
portion of the action must be attributed to another cause. It is 
some time since Professor Connell has shown^ that, upon pro- 
ducing carbonate of lime by the action of carbonate of soda upon 
chloride of calcium in a medium of distilled water, the carbonate 
of lime so produced (if produced at all) is held in perfect solu- 
tion *, I have found the same action to operate to a much larger 
extent in the case of a saturated solution ctf chloride of sodium : 
taking tWo solutions of dbloiide of calcium and carbonate of soda^ 



* Phil. Msg. S. 3. vol. joxi. p. 124. 
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of which equal bulks contained equivalents, and adding equal 
portions successively to a known quantity of a saturated solution 
of pure chloride of sodium, taking care to rmx whichever was 
first added thoroughly with the solution hcf(jre addiusrthe oilier, 
I have obtained the following results, by which it is shown that 
a satui-atcd solution of chloride of sodium dissolves j-g-'^'g of car- 
bonate of linne, or nbont 54 times as much as Professor Connell 
gives as the amount dissolved {jjj^s) by the common water of 
St. Andrews. The chloride of sodium was of course perfectly 
freed from carbonic acid before trying the experiments. 





100 onina of saturited m^u* 
MMI «f pure chloride cf tomm 


H«nee lOO gmnt of the aolid 
ult will deconpote? 


■ { 
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'0165 of a grain of car- 

•0181 do. 
•0186 du. 


*062d of a grain of car- 
lMllllM«rilM 

•0683 do. 
-0703 do« 




<0177 d». 





The addition of the solutions to the chloride of aodium wai 
eontiniied until a slight film of carbonate of lime was de)x)sited 
Upon the mixture standing for half an hour; a deduction was 
made for the excess added; the numbers therefore represent the 
amount of carbonate of lime which can be permanently held dis* 
solved by the chloride of sodium* I say this, because I believe 
that a far larger amount may be retained in solution fbr a limited 
time ; for if the first trivial precipitate is disregarded, twice or 
three times as much of the two solutions may be added without 
producing any such increase of the precipitate as ought to occur, 
if at that stage the chloride of sodium absolutely refused any 
further action. But this somewhat curious result I think of 
prosecuting further. It must not, however, be supposed that it 
ip only rm rnrbonntc of lime in the na^^rent <?tate (if thr expres- 
sion niav 1)0 allowed) that the rliloridc of sodium exercises this 
power; if the two solutions arc allowed to mix by j^oiiring them 
simultaneously upon the surface of the salt ??oliition, so as to 

{jroduce there a stratum of recently precipitated carbonate of 
ime, the chloride of sodium will dissolve this with the utmost 
facility u])on agitation. The clear solution may be boiled without 
any separation uf earbonatc of lime occurring ; it is partly thrown 
down by bod in with carbunate of ammonia, partly also by boiling 
with ammonia, and a])parently completely by oxalate of ammonia. 
Whether there exists in this solution chloride of sodium dis- 
solving carbonate of lime, or chloride of calcium not decomposed 
by carbonate of soda, we hsfS no present means of determining, 

. ki i^ .d by Google 
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although from its parUal precipitation by carbonate of ammonia 
I should almost think that it existed in the latter form ; since 
it is more ratiimi to suppose that carbonate of ammonia^ being 
a leas pemmwnt coralmutioii thsa earbcmate of aoda, Bhoald 
transfer its carbonic acid to chloride of calcittmy taking hydro* 
chloric acid in return^ than that it should emrt any actum upon- 
carbonate of lime dissolved as such. The idea of the consider* 
able temporary solability of recently formed carbonate of lime, 
receives considerable support from a peculiar phsenomenon which 
' took place when I endeavoured to make carbonic acid determi-. 
nations in the Worcestershire bnne^springs. I adopted the ordi- 
nary process of adding to the water excess of ammoniacal chlo« 
ride of calcium, — ^a very trifling precipitate occurred^ which was 
attributed to the comparative absence of carbonates and carbonic . 
acid ; upon examining the bottles at home, however, their interior 
was covered with mmt beautiful crystals of selenite, of the most 
perfect forms, — some complete hcmitropes. From their fis-urc and 
size, these liad evidently been deposited slowly; and I do not doubt 
now that the chloride of sodium at first prevented the precipi- 
tation of the carbonate of lime, then that the larpre quantity of 
sulphate of soda present parted with its sulphunc acid to the 
lime so dissolved (by degrees, as the chloride of sodium rcl ixed 
its solvent power) ; the liquid was soon saturated with sulphate 
of lime, and the isurplus was thus gradually deposited. I need 
not say that the amount of carbonate of lime actually thrown 
down was quite insufficient to meet the requirements of the ana^ 
lysis ; nor is t]uB^|the <mly instance in which X have observed a 
similar result. 

The results^ then^ at which we must arrive are^ that agricul- 
tural salt is a most energetic absorbent of ammonia^ both in 
virtue of its chlmde of sodium and of its soluble limeHUilt^ and 
that the proportion of the latter especially most powerfully afiecta 

its action ; — but that at the same time its agency does not seem 
to be altogether a permanent one : it will collect the ammonia, but 
it is questionable whether it can retain it for any great length of 
time, because in the very decompositions which happen in order 
to render the ammonia more stable^ salts are formed which have 
a direct tendency to liberate ammonia from its more fixed com- 
binations. It may, however, retain it quite long enough for 
agricultmal purposes: if the young plants are there ready to 
receive it, its state of gradual liberation may be for them the most 
advantageous possible ; and to^this conclusion all experiments on 
the large scale appear most obviously to tend. It is described aa 
an excellent check to the too forcing power of guano ; and from 
M. Barral's experiment we see that it either prevents the too 
rapid eremacausis of the latter^ or stores up the ammonia a^ it is 
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formed. As a manure for growing crops, all experience and all 
tiieorctical considerations therefore show it to be most vfilu- 
able; but when employed to mix with manure heaps which 
have to stand for considerable periods of time, theory would 
pronounce, as practice has in many cases done, that its power 
of retaining ammonia under those circumstances is ^t the best 
doubtful. 



XXII. An Experimental Inquiry undertaken with the view of 
ascertaining whether any Force is evolved during Muscular 
Contraction analogous to the Force evolved in the Gynmotus 
and the Torpedo, By H. F. !Ba2LT£&^ Esq,^ 

CONVINGED that a calm inquiry after tmth k liable to be 
lost in eontroversia) diaputes^ we aliall jnat refer in a 
geneial note to the principal soarces from wbeiiee we have been 
enabled to obtain views aneh as are confirmed by expertmental 
evidence, and wbich are now entertained upon tbe sabject of omr 
present inquiry f. 

The £ftct long since obtained by Matteucei> vis. I^at of causing 
tbe muscles of a galvanoscopic nog to contract by pladng ite 
nerve upon the muscles of another animal daring their contrac- 
tion, is well known; and in his last communication | to the 
Eoyal Society, Matteucd has adduced strong reasons for beUeving 
that an electric drnqmiibman is prodnced during muscular C(m- 
traction. 

By means of the galvanometer, Du Bois-Tleymond§ has satis- 
factorily shown that an effect occur-? ii]>on the needle during 
muscular contrRction. These results have been eonfirmed by 
Zantedeschi ||, Bufff and Tyndall*^. 

* Commuiucated by the Author ; having been read at the Royal Sopety 

May 10, 1855. 

t Annates de Chimie et de Physique, 3" g^rie, vol. xv. p. 64 ; vol. xxx. 
yp. 119, 179; vol. xxxix. p. 114. tomptes Rendus, vol. xxviii. pp. 570, 



pp. Ll\f, 1 

€41, 653, 663, 782 ; vol. xxx. op. 349, 406, 479, 612, 663, 699 ; vbL xxxu 

pp. 28, 91, 318; vol. xxxii. p. 131. BihliotMque Universelle de Genlve, 
Fev. 1B50, Juin 11^53, On Animal Electricity; being an Absti-Rrt of the 
Discoveries of Eraii du Bois-Reymond, &c., edited by II, Beucc Jones, 
H.I>., F.R.B. London: CkiirehSU. 1852. %9o. Lettre de ChtaUa Mut^ 
teucci a M. H. BenceJoneSy F.R.S. Florence: Imnrimeric Lc Momii r, 
185;3. 8vo. On Signor Carlo Mattcueci's Letter to II. Bcncc Jones, ^I. I)., 
F.R.S. &c. By Emil du Bois-Reyniond. London : Churchill. 1663* 8vo» 
X Philosophical Tvansactions, I860. Ninth Series. 

I Compact Rendw, toI. xzviu. p. 641. 

II Biblioth^ue Univeraette de Genh>€, Fev. 1850. IT Ibid» i 
** Britisb and Foraign Medical Review for Jan. 1864, p. 14}* 
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fMoltt obtaiiwd by De9preti*« Beofoevelt aoii M«tr 
teuoci^, hftveihvown strong doubtottpm the ecmdiiikiiisdBdii^ 
by Du BmB-Beymond. Several experimeiiti undertalm by the 
witlior of the present paper, both prior and pabfloquent to the 
knowledge of Bu Bois-R^ymond's researches, tended to eonfirm 
ill his opiqion the doubts expressed by these inquirers. But thi 
positive evidenee adduced by Du Bois-Reymond by means of 
IU9 galyanometeTi oombiiied with that of Matteocci obtained by 
means of the frog, only mde it inemnbent upon the opponents 
of l)u Bois-Reymond to disprove his conclusions, if capable of 
disproof, more by stronger experimental evidence than by thco** 
retical arguments ; hence the renewal of the present inquiry. 

In relating the experiments, to avoid nnnece?!:«nry prolixity, 
we shall endeavour to be a?j concise as possible, incurnnir, how- 
ever, some risk of being considered as not having sutticiently 
eiiminatL'd tlu' sources of error. Our great point will be to 
establisii tacts; and whatever observHtKmb we might thmk ne- 
cessary to make in reference to the unyiu of the effect prodnctd, 
these will form the subject of the concluding remarks, and may 
he considered as distinct from the main object of the paper. 
We shuU relate in a general manner some results that were 
obtamed by means of a gaivanonictcr consisting of but few coils. 
To two brass handles of an ordinary medical electro-magnetic 
machine, were attached thick copper wires, each about 8 inches 
in lengthy and bent. Similar copper wires were connected with 
the galvanometer, their free ends communicating with mercurial 
cups, these cups forming the means of connexion with the brass 
haodJes* Holding the metuHic handles firmly^ grasping ope of 
them imd contracting the muscles of the arm powerfully, and 
doing this alternately with each armi we at first failed to obtain 
toy, or if any, but indecisive resvlts. Upon repeating the ezpe- 
liments on another occasion, we ultimately obtained some defi* 
nite result and a due to our former fidlures. It was found that 
when the muscles of the arms were contracted alternately at 
definite periodsj and continuing this act for some time, that m 
the hands became moist a decided effect upon the needle oceurred| 
indicating the contracting arm to be positive^ to the other. We 
considered that these results were due partly to the reaction of 
the acid secretions of the hand upon the metallic electrodes, 
partly to the skin becoming a better conductor than the dry 
eatidef and partly perhaps to thermo-electric action. 

^ Comptes Rendus, vol. xjtviii. p. 653. 

t Ibid. p. 663. t Ibid. p. 782. 

§ If we take an elementary circle, such as zinc, platinum, and dilute aoid, 
the current goes from the zinc, through the fluid, to the platinum, tbepla^ 
tinum being the jiontive electrode. 
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TM quMtioa now aioie^ oonld not the effeot wbkii aught be 
doe to miiaealar oontrfictum coincide with that which aioae from 
the action of the cutaneon» cecnrfdons? From themnltsob* 
tamed hj Pu Boia-Eeymondll'i it would appear that the dtne* 
turn of the current due to muscular contraction is uwene, i, e., 
from the hand to the shoulder. 

Several other experiments were undertaken in which different 
solutions were employed to moisten the hands; the effect n^on 
the needle was now much greater. When one hand was moiafe* 
ened with a weak alkaline solution and the other with water, upon 
contracting the muscles of the arm holding the alkaline electrode, 
this became Jiegative to the other ; but by proper management, 
by not havmg the solution too sti fmL^ wn eonld make this arm 
become positivej the current occurrmg during muscular contrac>- 
tiou overcoming the influence of the alkaline solution. 1? eeimg 
the force of the objections that might be raised in reference to 
the use of the metallic electrodes, we do not think it necessai*y 
to relate any pther experiments made with the use of thei^e in- 
Btrumcuth. 

A galvanometerf of the following construction was now cm- 
ployed. It consisted of two coils, one placed above the other so 
as to produce the full effect upon both needles, with an index to 
indicate the amoont of deflection^ Sadi ooU waa 2 incfaea ii^ 
length and the same in hreadth, consisting of 1600 turns; the 
tbidcqeas of the wire 87 gauge. The needlea were rather leaa 
than 2 inches in length ^ the index, of ivory, 3 inches in l«iigtli« 
As our object was to ascertain^ if possiblci the cm/aice of the 
force rather than the emoiiti^i a further descriptiou of its delicacy 
will not be necessary. 

Two copper clamps were made, each 4 inches in length, taper-* 
)ng at one extremity so as to be connected with the binding* 
screws of the galvanometer, the other extremity being bent down 
at right angles to the extent of hajf an inch, presenting a inrfluse 
\ \ inch in breadth, and to which was also attached a piece of 
copper by means of two screws ; by these clamps the platinum 
electrodes were attached, and those that were generally used 
consisted of platinum foil, ^ch 2^ inches in length and X moh 
in breadth. 

The vessels usually employed to hold the solutions were two 
cupping-glasses, each 2^ inches in diameter, 2J inches in depth, 
and contaiQed rather more than four ounces of fluid, The 

* RappOTt flor les M^nunres r^tift aiu( ph^nom^es ^ectro-physio^ 
logiques prescnt^s h. rAcad^mxe par M. £. du Bois-ReymoDd, Comptet 

Renaus, vol. xxxi. p. 28. 

t Vide Faraday's mode of einpl<^riDg a galvanometer. Phil. Trans. 
Series xxviii. 1852. 
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glasses being half-fiHeil with a weak solution of (xnnmon salt, 
coverinij: the electrodes to the extent of an inch, two and some- 
times three tingcrs of each haiul were held perpendicularly in 
the vessels, the middle finsrer resting upon the bottom of the 
glass vessel. When tirst mUoduced, a slight tremulous motion 
of the needle was observed ; upon taking the fingers out of one 
vessel and reiutroduciug them, and repeating this act, a slight 
effect appeared, at first definite, but this ttoon subsided. Similar 
effects were bbserved when the fingers of the other band were 
Used in a similar manner. The fingers last introduced were not 
dismays positive Dtneffoiive to the others. Keeping the fingers 
in^ then moving one of the fingers so as to make the fiuid rise 
and fiiU upon the surface of the electrode in one vessel^ produced 
but little motion of the needle. After the fingers had been in 
Ibr some time, and the needle bad become qaite Btattkmary, iipon 
contracting the muscles of one arm* an effect ocenrred upon the 
needle indicating the contracted arm to he positive to the other 8^; 
by contracting the muscles of each arm alternately, the effect 
amounted to 6^. The result was definite, and the motion of the 
needle steady. 

Du Bois-Re3rmond* considers that there are five circumstanced 
as influential in producing a current; viz. 1, temperature in- 

egale ; 2, duree inegale de Fhumectation avcc le liquide con- 
ducteur ; 3, tension inegalc de la ])eau ; 4, lesion de Punc des 
places fie la penn ; 5^ treiT^piration ineprale, Wc could not rrfcr 
the effects we oVi tamed to either o£ these circumstances ; — to the 
tension of the skm, lor instance. 

Three solutions were now prepared; the first consisting of a 
concentrated sohition of common salt; the second of sulphuric 
acid, one part of strong acid to six parts of water ; and the third 
of one part of iiq. potassse (Pharm. Loud.) to four parts of 
water. 

It was found necessary that the following precautions should 
be strictly attended to. The solutions should be prepared and 
well mixed previous to their use, and the electrodes covered to 
the same extent. The hands and fingers should bo thoroughly 
clean ; to attain this object they were first washed with the ordi- 
nary curd or Windsor soap, and afterwards well rinsed in common 
Water and wiped comparatively dry with a dean towel* The 
same towels diould not be employed when using the difierent 
solutions, and it was found better to work on different days wiBi 
each solution; for the liquids soaking in between the muls and 
the fingers became a source of some difficulty to remove^ and a 
cause of some embarrassment in judging of the final result. 



* BtbhoiUgui Unmendle de Genhe, Mn 1853. 
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Wc need hardly ^tatc that the surfaces of the electrodes should 
be clean and tlip eontacts perfect. 

With the solution of common salt. Upon the first introduction 
of the fins:ers^ a slight Ik mulous nu tioM of the needle occurred. 
Withdrawing the iigbt^^hand fingers and reintroducing them 
immediately afterwards, and repeating this act a few times, a 
slight pusiiive checl was pioduced upon the introduction of the 
fingers. Withdrawing the left-hand fingers in the same manner, 
a slight negative effect was at first obtained, but alter a short 
time the eflect became indeiinite, and ultimately slightly 
Keeping the fingers in and contracting the muscles of the arm, 
&e fingers of the contracted arm were positive 4P to and 
niade to inmase. 

The solution in one vessel was now diluted to one-half. Upon 
the first introdnction of the fingers, the strong solution was 

Eositive Keeping the filers in and waiting until the needle 
ad become motionless^ the contracted arm was wmtke to the 
other; if the ann connected with the strong solution was con* 
traeted, the effisct was greater than when &e other was con« 
tractcd^ the current in the former case rising to 5°/ in the latter 
to 2° or 3°. 

With the acid solution. Upon the first introduction ci the 
fingers, the needle would sometimes go 30° or 40°, but generally 
speaking it would oscillate fiirst to one side and then to the other. 
Withdrawing the fingers of one hand and then reintroducing 
them, this hand was positive to the other. Keeping the fingers 
quiescent, and contracting the muscles of the arm^ the oorre« 
spending fingers were positive 4°. 

The solution in one vessel was diluted to half the strength of 
the former ; the strong solution was positire to the other upon 
the introduction of the fingers. If the difierence between the 
two solutions was not too great (the exact strength being diffi- 
cult to state), we might determine a slight current to pass in a 
constant direction, and then make the current arising during 
muscular contraction overcome this constant current. Strong 
solutions were found best for this purpose, irom their forming, 
perhaps, a better conducting hquid than the weaker solutions. 

M^ith the alkaline solution. Upon the first introduction of 
the fingers no deliiute result, the needle tremulous. Witlidraw- 
ing the fijigers and reintroduciug them, the eflfccts varied, but, 
generally speaking, the reintroduction of the fingers produced a 
negative result. The effect due firom muscular contraction was 
d&dte from Tf^ to 4^, the fingers of the contracted arm bemg 

The solution in one vessel was diluted to half the strength of 
the oihtf. Upon the introduction of the fingers^ the- dUuted 
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solution was positive to the stronger. We were enabled in this 
instanoe^ as with the acid solution^ to obtain a lolation of audi 
atrength aa to give a ooiiatant onrrent in a certain direetioii, and 
then make the current due from muaeular oontractiom overpower 
this eiinmit. As we oonsider thia hid of some importanee^ it 
will be neoeasaxy to atate the mode of aaoertaining thia eonati^i 
onrrent. If we find^ either upon the introduction of the fingeis 
of both hands at the same time, or upon the introduction of the 
fingera of one hand, that a current existed in one direction to 
the amount of about 2^, the current occurring during muaonlar 
contraction, if it coincided with this constant current, would 
canae the needle to advanoe to 4° or 5^ or more ; but if it haa 
to overcome this .constant curreut, the needle would only move 
2° or 3°. We need scarcely add, that the needle of the galva- 
nometer should continue to indicate this current whilst the 
fi!i2:crs remain in the solution, which may he indicated by the 
nc( receding to its normal position n])on the withdrawal of 
the lingers. A great difficulty is frequently experienced in ob« 
taining this constant current. 

Several other experiments might be related in which the elec- 
trodes were made to differ m size, one being narrow, the other 
bi o;i(l ; or where one was made to dip deeper into tlie solution 
than tiie otlier. The general results indicated that a difference 
in extent between the surfaces of the plutiuum electrodes and 
the solutions^ occasioned an effect upon the needle upon the first 
introduction of the fingers. In other experimeiita larger vessda 
were employed^ so as 4o ioaert the whole cl the hmi and wrist ; 
the reaulta coincided with thoae we have related^ tha effect being 
jgreater. 

The adutioQs were made to vwv aa to temperature by placing 
the glaaa in a yeaael containing not water, and then carefully 
atirrmg the aolution ao aa to make it completely uniform. One 
mad was at the temperature 65^ h\, and the other 116°. Th^ 
reaulta upon the first introduction of the fingers were inde« 
cisive. The hot solution was not always positive to the cold 
solution. We could always obtain the effect during muscular 
contraction. 

We agree with Du Bois-Reymond as to the importance of 
attending to the five circumstances to which he refers, and which 
we have already alluded to. The cucumstanees that appear to 
us to be the most inffueutial in masking the ultimate result, are, 
— 1st, the action of the fluid upon the surface of the electrodes j; 
aud2udly,the reaction of the cutaneous secretions upon the fluids. 
Although wc cannot remove these sources of error, we have it 
nevci-thelcss in our power to counteract their effects by showing 
thut the current couuet^uent upuu museular coutiactiuu cau be 
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made to overcome that ai'ii^iug from either of the two former 
aetions. 

We have not yet alluded to the differencf wluch appears to 
exist between the results obtained by Du IJois-llcymond and 
ourselves, viis. tlie direction of the current. Du Bois-Reynioud's 
experiments indicate tliat ike current is inverse, i, c. Jroni the 
hand to the ahoulder during muscular contraction ; our results, 
on the other hand, point out that the current is direct, i. t.from 
the ahoulder to tlie himd. We do not think that our resoltB 
differ mxuk from tluMe o£ Da Boia-Reymond ; but aathe diieua- 
flion of ihia question wiU involve certain theoretieal viewsj what* 
ever obaervationa we ahall have to wake will be deferred to our 
oondnding remarks^* 

With the aaaiatanoe of three friends an attempt was made to 
iaiireaae the effect upon the needle by forming a pile;, aa it were ; 
we could obtain the efPect, but there was no decided increaee. 

Several experiments were undertaken with the rheoicopk/rag^ 
in lieu of the galvanometer ; the results were not so satisfactory 
as oonld be deairedj to justify their being recorded in the pre-* 
asnt paper. 

The posterior hmbs of a frog, separated at the pelvis^ but 

* fiinoe thk ]Mper mui presented to the Royal Society, we bave YaA the 

opportunity of attending the interesting lectures of Du Bois-Reymond at the 
Royal Institution. Du Bois-Reymoud considers, as far as u c could under- 
stand, that vviien the whole of the hands are immersed in the solution, and 
the muscles of the am ave made to eontraet, then the current is due to 
the swollen state of the skin, and perhaps to other circumstances ; but 
should he justified iu concluding, that when \\\i\-fngers alone nre in the 
vessel, then tiic effect is due tr) tlieir swollen state ? If Du ISois-lvPv- 
mond maintauiti that the cuircnl due to miueular eoutiaction is luvtrsef 
h 6. Jpnm the hand to the ahoulder, we can only add that we hare never 
been able to obtain that constant effect. We cannot deny that it frequently- 
happens, upon the first rejif^tition of the experiment, that the current may 
appear in favour of this opinion. Despretz has remarked, that the current 
may appear first in one direction and then in another. We cannot insist 
too atrangly upon the necessity of having the hands perfectly dean, and we 
are convinced that the failures and contradictory results which arise are 
due more to the want of attention on this point than to anything else. The 
tUrecHon of the cuiTent is a fact of the utmost importance ; and as we shall 
Mfer to this snbjfct again in the concluding remarks, and as no reasons 
have occurred to lead us to alter our views, we prefer leaving the piqper in 
its original state. (June If).) 

t The term rhcoscopic has been recomuiended in the Report of the 
Committee of the Academy of Paris, in preference to that of galvanoscapic. 
We have employed both terma. "When it is used fef the deteotion of the 
current, the former t«nn is moat applieaUes but the fiog majf be a teat d 
a force in wliich the current force, in aecordnncc with our present notions 
of force, cannot be shown to exist. If the dyiiauuc condition and the c«r- 
rent condition of force be considered as equivalent terms, then rheoscoj)ic 
would be uDobjectifw^diUi. 
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^oimeoted by< neans of the* lomliir luvrtt ond'a f>ortM«'Of tibe 
Tertebral cdhnnny were each placed inaefMitateTeBiels^oiitBiBiag 
the aoltttiotT'of eommoDealtx the muMiet ofioae limb wteW'tiieB 
made to contrBCtyaad an immediate-affeeb afKm tha>aMU»ivaa 
observed, the eoatraded Ihnb being positive to tha cAnm hom 
S° to 4^. To prevent ths' inid from being soattsoMliipan the 
electrode, a piece cf glass 'WaiB attached to the part as a weight 
to avoid^too great motion of the limb, in isoaie. instances balk 
feet wore removed: the effect upon the needle was still the sameL 

Similar results were obtained with the acid solution, but with 
tlie alkaline solution the cflccts \ aried, especially so if the solu- 
tion were strong. The alkali acted apparently upon the mucous 
secretion of the skin. 

Great care was i ( quired to have the cutaiieons snrfarc s clean 
previous to the introduction of the limbs into tiic solutioog^ so 
that no current could arise thereirom* 

Is ii Jieccssnry to place tlie nerve of a galvarwscopic frog in con- 
tact U'il/i ihc longiiiLdinal and transverse section of a miLscle in 
ordei' to obtain the necessary contractions ? Kepeatnig the expe- 
riments of Matteucd*, we found that the contraction might be 
obtained without placing the nerve in QOntact with the muscle. 
At the same time we must add| that tlte afiBsot upon the galva- 
noscopie frog appeared greater whfia its nerve was placed tssna* 
vefse to the mnscalar fibres than in any other position. 



. The sesnlts of our ezperinkBnts tend to establish the followiog 

conclusions, viz.— 

First, That during mvsctdar C(»itraction in man and in frogs, 
an effect upon the galvanometer may be obtained indicatiog &f 

manifestation of an electric current. 

Secondly, That this manifestation of an electric current is due, 
in a great mrasurcj to secondary reactions, viz. between the 
animal secretions and the solutions on the one hand, and between 
the solutions and tlie platinum electrodes on the other; but that 
there nevertheless remains a residml effect which we ( ainiot refer 
to either of these actions, or to those pointed out by i>u Bois- 
Keymond. 

Concluding Remarks^ 

The numerous instances in which an electric current may be 
shown to eadat, naturally renders any condnsion deduced nom 
results obtained by means of the galvanometer extremelj doubt* 
ful. If these remarks are applicable to physical researchesj where 

* Phil. Trans. 1850. Nmtii benes. 
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wc have ?i"ich contvol over our experiments as to afibrd ua faci- 
lities favourable lor eiiimnatmg sources of error, how easily may 
we conceive tiiat they would apply with far greater force to 
physiological researches devoid of such facilities. The strong 
prejudices which exist in reference to electro-physiolo epical in- 
quiries cannot therefore be a matter of much surprise, but must 
create a jE?reat difficulty to any mdividual who shall attempt the 
elacidation of any electro-physiological problem experimentally ; 
for not only has he to satisfy, from the mixed character of the 
inquiry, the extreme views of the physicist ou the oue hand, and 
those of the physiologist on the other, but they also afford the 
indolent inquirer a ready means of apparent zefatation^ and a 
powerful weapon to the controversialist. That these opinions are 
not ilUfonnded we might easily prove*. Feeling the importance 
ef basing theeonchiaioiM in these inqmriea upon strictly experi- 
mental evidence, in discussing the difoent views that may be 
entertained in regard to the evidence upon which onr ezperi<* 
ments jnstify ns in conduding that some force is evolved during 
museiuar otmtraction, we shall confine our observations to the 
eiperimental results obtained by Mattcucci and Du BoiB*B«y* 
mond, and endeavour to avoid evwything of a purely controver- 
sial character. 

Matteuccif has proved and shown by means of the galvano- 
■oopic frog, that dwing muscular contraction the muscles of the 
galvanoscopie frog may be excited to eontracty and that for this 
purpose it is not necessary that the nerve should be brought into 
contact with different portions of the muscular fibre. In repeat- 
ing these experiments, we have been Me to confirm the results 
obtained by Matteucci. 

Matteuccif, in his rnrlcnvours to a'^ccrtain whether the i^ms- 
ciiLir current was increased durmg muscular contraction by form- 
ing piles with muscular elements, failed to obtain any decisive 
result. Du Bois-Reymond, by means of his galvanoiDcter^ has 
satisfactorily siiovvn that when the electrodes are so aiiangcd 
with a muscular element that the cuiTcnt (muscular) passes 
through the instrument, that then, upon the contraction of the 
muscle, the needle of the insii Lunent recedes, and this he calls 
"the negative variation'^ of the muscular current. Tiiii fact, 
established by Du Boib-ileymoud, and also the results obtained 

Strange to sav, it has been urged that the time has not yet arrived for 
the prosecutioii of these enjerimenti. This is the only tangible objeetiou 
tfaat the author has yet haa an opportunity of refuting. Thnt objections 
may be started he is perfectly convinced ; but as the inquiiy ]iTofesses to be 
experimental, the objections must be supported by experimental evidence 
before he can notice them. 

t FhiL Tom, 1860. Ninth 9«riei. $ Hud. 1845. 
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by Matteucci, liavc been conlii iiied by some of out* own experi- 
meuta. But wc cannot help thinking with Mattciicci*, that the 
falling or the receding of the needle iu Du Bois-Reymond's 
experiment may be attributed in a great measure to the variation 
in the contacts between the surfaces of the muscle and the elec- 
trodes during the act of contraction. Wc are not aware that 
the existence of the muscular current is disputed by anyone ; it 
bM been attributed to ntitritive actionBby lutteuccit^ and Bome 
eipeiimenti of our own| tended to confirm tbe views of Mat* 
teacci. We now have two diitinct queBtionB before us :^l8t, /« 
there^ or » there not, any force evoiyed during muflCular eon^ 
traction T dndly^ Is tbe muscular current affected durinff museular 
contraction ? and this brings us to speak of tbe results we have 
obtained in the present paper. 

Du Bois-Reymond's results lead him to consider that in the 
frog the current is direetf and in man inverse, as shown by the 
galvanometer. Our experiments lead ua to believe that the 
current is direet in both instances. Upon carefully looking ov^ 
Du Bois Reymond'8§ last paper, it appears to us that he fre* 
qnently obtains the direct current ; but laying so much stress, 
as he does, upon the necessity of a cvrrenf (muscular) circulating 
through the instrument prior to contraction before he can con- 
clude that the resulting action upon the needle is what he calls 
"the nfv'iative o'^cillation" of the mu«cular current, that his object 
was to ascertain whether the nmscular current in the human 
subject was not afifected during muscular contraction, as in the 
frog. We may be mistaken in our opinion. As we have not 
been able to obtain this ijiverse current, and if Du Bois-lieymond 
has been endeavouring to obtain this inverse current to prove 
" the negative variation " of the muscular current in the human 
subject^ then tbe object that each of us has bad m vfew difito i 
ours has been to ascertain whether any force is evolved during 
muscular contraction; Du Bois-Reymond^s^ whether the mUs-« 
euhuf current is alfected during muscular contraction. The 
importance of Du Bois-Beymond's researches we do not deny; 
but it appears to us to be of extreme importance that the two 
questions should be kept perfectly distinct^ although perhaps 
intimately connected with each other. 

The results of our inquiries lead us to believe^ that during 
museular contraction a force is evolved^ as in the fish, but that 
it is only during extraordinary muscular exertion that it can 
beeome manifest to the galvanometer. We are perfectly aware 

• riiii. Trans. 1850. Math Series, 
t Ibid. 1845»p.d0l. 

X Proceedings of the Royal Societ} , Nov. 25, 1852. 
$ BiMiotkiqiie UmoerseUe de Qmhe, Juin 1853. 
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of the objections that may be urged in refcrrnce to tlic fish being 
provided witli a special apparatus. In ouv tnst cndciiN ours also 
to obtain some result with the galvanometer, aud in which we 
failed to obtain any evidence of the existence of a force being 
evolved, we were then led to the conclusion as to the improba- 
bility of any force becoming free, as it were, during muscular 
contraction ; that whatever force might be present would be 
expended or converted during the act of contraction ; but we 
could never get over the difficulty which the results of Matteucci, 
obtained by ni( aiis of the frog, presented for our consideration, 
and whicli is doubly increased by the results we have now related 
in the present paper. lu reference to the fish, also, we must 
rememoer that the force evolved bears some relation, according 
to Matteucci*, ''to the activity of the functions of circulation 
and of respiration^ and of every act of nutrition.'' The appa- 
rataa may be a means for the evolution of the Ibice^ but not a 
produtet of the force; and we have some reasons for believing 
that the electric condition of the blood in the living animal must 
not be overlooked. 

We have purposely avoided referring in this discussion to the 
influence and relations which the nervous system must bear to 
muscular contraction j and as it is our wish that these researches 
should be considered as strictly cx])criniental^ whatever remwks we 
might wish to make must be deferred to a future opportunity^ 
antU drciua«taDces wiU »»ble a. to pnnue the inqwry, uid 
with greater advantages than we now possess. 



XXIIL On Hie Induction Apparatus and its Ejects, 

By J. C* POOOENDORFF. 

[CoDGladed from p. 137.] 
Appendix I. 

On the Thermal Effect of the Induction Sparks. 

IN the foregoing memoirf, it was incidentally remarked that 
a greater thermic action evidently exists in the stream of 
sparks at the place of interruption of the induction wire^ than 
in that wire itself. This assertion is based not only upon the 
facts there recorded^ but also upon the prevalent opinion that 
electric sparks always contain incandescent material particles, in 
fact that they cannot otherwise be conceived to exist ; an opinion 
which many phsenomena I have observed Jippear to corrr^hnratr'. 
Nevertheless it may appear desirable to produce a direct proof 

♦ PhiL Trans. 1847, p. 241. 
t Phil. Msg. voL X» p. I2i. 
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of tlie above assertion, the more so as former observations on the 
spui'ks of frictioiial electncit) iiuvc led either to no results at all, 
or only to uncertain ones. 

With the induction sparks obtained without trouble from a 
continually interrapted cnrrent^ such a proof is without the least 
difficulty. It is even funiished in a very pei'ceptible manner by 
a good mercurial thermometer. With this instrument of course 
no measurements can be made, although comparatiTe results can 
be obtained by securing a contmuous development of sparks, by 
means of as unifohn a motion aud condition of the hinumer as 
can be possibly attained, as well as by paying attention to other 
precautions wliich will be easily recognized as necessary. 

The following are some of the experimental results which were 
obtained 

1. When a delicate thermometer is placed in or close to the 
stream of sparks of the induction apparatus, a cousiderable rise 

immediately takes place, contrasting g^-eatly with the small de- 
velopment of heat in the wire itself. This is the more remark- 
able, because, accord uijr to Joule's law, tlie heat generated in a 
given time throughout the whole circuit of the induction current 
is smaller when the cucuit is broken by air than when it is con- 
tinuous. 

2. All other things being equal, this elevation ( 1" trinperature 
is different according to the nature of the metaia or bodies from 
which the sparks issue. 

' In this respect, however, platinum, copper, iiou, and silver 
differ little from one another, although amongst them silver ap- 
peared to act strongest, aud platinum weakest*. But a great 
difference exists between these metals and those which are but 
little coherent, and are easily fused or vaporised. On an avenige^ 
their action is double that of the former. 

Hie following are the elevations of temperature observed during 
ihe space of one minute in a series of experiments with different 
metallic points. The cylindrical reservoir of the thermometer 
was 11 millims. long and 3*5 mUlims. in diameter; its axis was 
placed between the points from which sparks issued^ and at a 
distance of 2^ millims. from each. 



Platinum . 


. . . 18i 


c. 


Lead . . 


. . . 30| 


... 


Tin . . . 




••• 


Antimony . 


• . • 






... 35 




Bismuth • 


. . . ar 





The difference was still greater when the distance between the 

* Graphite alone produced a still smaller degree of heat. 
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pomts amounted only to lA millim., and both were touched by 
the thermometer. The elevations of temperature within one 
minute were then with — 

Plfttmuia . . . ^ 2d^C. 

JWeA . . . 24°to26°C. 

Silver %rQ. 

Tin 6rC. 

When placed near the stream of sparks, thou jrh scarcely in 
contact with it, the thermometer rose 28° C. with tin points. 

3. The inequality in the temperature of the two poles of the 
induction wire may also be clearly shown Ly the thermometer. 
When the points were 4*5 millims. apart, the elevation of tem- 
perature daring one minute was always 6 or 7 degrees more at 
the negative than at the (loaitive pole^ both pole wires being of 
£inc or tin, and about 1 millim. thick. 

^ 4. When the pole wires consist of two dJfkrmt metalsj the 
liae of the thermometer placed in the stream of sparks is greatest 
when the easily fused and vaponxed metal constitates the nega* 
tive pole. Within one minute, and when the points were 4*5 
milluna. asunder, the elevations of temperature were,-^ 

— Fok. 

Platinnm. 
Platinum. 
Tin. 

Platinum. 
Bismuth. 

5. The greater temperature of the sparks with easily fused 
and vaporized metals appears to be caused by the volatiliziition 
of particles of the same. This is clearly shown by the thermo- 
meter suspended in the stream of sparks ; when zinc, tin, bis- 
muth, and lead are used, the positive side is coloured white^and 
the negative brown (at least with bismuth and lead). 

6. "niis volatilization appears also, by improving the condue- 
tibility between the poles, to produce a greater transfer of sparks, 
and consequently a greater intensity of current. It is true the 
galvanometric deviations caused by the induction wire during 
the time that sparks are produced are very irregular, so much so 
that it is exceedingly difficult to determine their magnitude, 
nevertheless I am inclined to think that the deviations are greater 
with tin than with platinum points. 

7. This suggested a method of proving whether the facility with 
which sparks pass from one pole to the other is modified by the 

PkO. Mag. S. 4. Vol. 10. No. 65. SepL 1855. P 
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Platinum . . . 18^0. 

Tin 23^... 

Platinum ... 81 

Bismuth , . . 18| 

Platinum . . . 80 
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nature of ilie points which maybe employed. The method con- 
sists in the division of the current between two pairs of points 
of different metals. The experiments (like th^ similar ones of 
Faraday's with different gaaes) involve Bome dIffieultieB, and 
require to be oarefuUv interpreted; becauae if by accident tbe 
stream of sparks sbonld be better conducted through one pair of 
points than through the other, the former may^ bv the air be- 
coming warm, and by the volatilissation of metaUie particles, 
obtain an excess over the latter whieh is not natural to it. In 
general, when the distances between points are equal, sparks 
which are simultaneously obtained from both pairs of points 
differ in colour and brilliancy according to the nature of the 
metals, but apparently they do not differ in the spark-distance« 
Very often the one or the other stream of sparks ceased for a 
while without any very apparent cause ; on the other hand, how- 
ever, when ziuc, or still better tin, was compared with platinum, 
it was always found that at small distances (1 or 2 miilims.) 
sparks only passed between the fonuer metals, at greater distances 
(3 or 5 millims.) only between the latter metal. Without doubt 
at small distances the volatilized zinc or tin particles conduct so 
well that they usurp the whole current. 

8. The luminous discharges in partial vacuum present similar 
pha?uomena to sparks m air. The increase of tcmpcratuie 
thereby is very considerable, although not so great as with 
sparks. Although the strength of the current increases with 
increasing rare&etion, the elevation of temperature decreases^ 
owing to the decreased resistance. 

9. In partial vacuum, too, the inequality in the temperature 
of the poles is maintained, although it does not appear to be so 
great as in free air. 

In one experiment the air was rarefied to about one inch of 
mercury pressure, at which time, although the electric light was 
eontinuous, it still produced a jingling noise, like that at the com- 
mencement of the crackling of the sparks in free air. Two ther- 
mometers stood at the distance of about a line from the brass knobs 
between which the discharge took place, and which were 1 J inch 
asunder. During one minute the thermometer at the negative 
pole rose 15^ or 15^*5 C, the one at the positive pole 12^ or 
13° C. 

All the above res-iiUs were obfairted by employing the thicker 
and shorter of the described induction coils, a battery of two of 
Grove's elements, and the condenser. 
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Appendix II. 

On a new method oj increasing the J/iductton Cwrent*. 

Amongst the reasons which induced me to construct Ncef's 
hammer as an independent in^^tnimentf, I niay mention that I 
intended to use it under the air-pump, because I anticipated 
that the induction current would be influenced by interrupting 
the inducing: current in a partial vacuum, instead of in free air. 

Recent experiments have fully satisfied my anticipations, by 
proving that the partial vacuum increases the action of the cur- 
rent-breaker to such an extent, that in those classes of phseuo- 
mena wherein the action of the condenser was greatest, the latter 
may now be dispensed with. 

Aj the effects produced by this manner of naing NeePs ham- 
mer are in other respects interesting^ I may here be allowed to 
enter into a few particulars. » 

I placed the hammer upon the extra plate, before described, in 
an atmosphere of about I or 1} lines of mercury pressure, and , 
connected it with the inducing apparatus in such a manner that 
the galvanic current could traverse the wires of the primary coil 
(which were 100 feet long and 1 millim. thick, and encircled a 
core of soft iron), either alongside or behind one another in the 
same direction. The current was excited sometimes by one, and 
sometimes bv two of Grove's rlements, and allowed to net alter- 
nately upon the sliorter and upon the longer of my induction 
wires. Arrangements were made, lastly, to connect the hammer 
vibrating in the partial vacuum with the large oiled-silk con- 
denser, if necessary. 

The same hammer was afterwards employed in air under the 
same circumstances, and also supported by the same condenser, 
80 that its action here could be compared with that which was 
observed when it worked in a vacuum ^. 

* From Poprgendorff's Anntdm for May 1856* p. 166* ■ 
t Phil. Mag. ToL x. p. 12. 

X In Otdef tD mdce fliia comparison with two different hammers, it is 
neoenaiy that they should be exactly alike. Under otherwise equal cir- 
cumstance!!, the sparks, and particularly tlie spark-distnnce, of the induc- 
tion coil are very much influenced by the motion of the hammer ; it is not 
so essential that it should vibrate uuickly as tlmt it should vibrate with a 
eertain force, L e. that the toiu^ snould aepanUe ttielf qokskly from the 
pin, and that the amplitude ofits oscillation should nothe too small. For 
this purpose it is therefore convenient to hnvc a rather heav)' armature at 
the end of the tongue ; in one of my instruments, where the armature is 
too hght, I muany attach a piece of Dress to it hy means of wax. On the 
other band, in order to oMsia very strong galvanometric or voltametric 
actions, when the induction current is intonuptod by a piece of drv ^^lotting- 
(Ntper, it is convenient to employ a light armature, so that the tongue may 
vihrate yery quickly. . 

P2 
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As a general result of this comparison, it was quite evident 
that tiie action of the sparks of the induction coil was in all eaties 
quite as atrong when tie hammer worked m a wunaan wUkoui ike 
condenser, ae when it worked m air with d eondeneer ; in some 
oaaea^ indeed* it was oonaiderably stronger. 

This waa particularly the case with the thicker and shorter 
indnction wxre^ when the wiiea of the primary coil were at the 
same time connected aide fay iide> so aa to form a wire 100 feet 
lone and milltma, in diameter. 

When the wirei of the primary coil were connected in this 
manner^ the combination of the eondenser with the hammer in 
a vacuum had apparently no influence upon the spark-distance 
of the induction eoil* at least no increasing inflnenee ; the sparks 
were merely stronger sometimes. On the contraiyi when the 
primary wires were connected one after the other^ so as to form 
a wire 200 feet long and 1 millim. in diameter^ the combination 
of the hammer and oiled-silk condenser considerably diminished 
the spark-distance; a phjenomenon which at first sight appeared 
strange. At the same time, however, a continual crackling could 
be heard m the cmulenser. The remarkable plitcnonu'tion, there- 
fore, was caused by the extra current, owing to its mcreased in- 
tensity, penetrating the condenser in the form of sparks*. 

The luuiiiiuus phajnuiaena of the induction current in the 
electric egg are also very well developed when the hammer vi- 
brates in a vacuum without the condenser ; aj)parently just as ^ 
well as when the hammer works in air, and is connected with 
the condenser. It is here of importance to what degree the 
rarefaction is carried; if it amounts to about 1 line of mercury 
pressure, and at the same time a great intensity is giren to the 
current by developing it in a wire 10^000 feet long^ the oomhi<^ 
nation of the condenser with the hammer vibrating in a vacuum 
is without influence upon the phsenomenon ; in the opposite ease 
it inereases ilie phmomenon m the same manner aa when^ at ar 
Ibrmer timet» the hammer played in free air. 

With reference to iJie cause of the action of the hammer in a 
vacaamj I will only remark that it appears to me to be of the 
same nature aa that of the condenser. 



The \abnitlons of the hammer in a vacuum arc very interesting 
and instnictive in the study of the extra cun'cnt which is deve- 
loped in the proper circuit of the galvanic current, partly by the 

* The condenser it of course peffimted by this, so that I have always 

discontinued the experiment after a very sliort time. Small holcB, howefOV 
appear to injure the actiou of the condeusei- but Uttle, if at aU. 
t PhU. Mag. vol. X. p. 127. 
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tiintnal action of tlie coils of wire, partly also and principally 
through the influence of the soft iron core in connexion with the 

interrupting hammer. 

■ For this purpose it is best to remove the induction coil for the 
time, and to retain only the primary coil in connexion with the 
galvanic battery and the hammer. 

11, m the first place, the wires of the primary coil be connected 
' either side by side^ or one after the other^ in such a manner that 
tihe current must traTerse them in opposite directionsj instead ol 
in the saaie direction, as ia usually the case, the production 0i 
the extra current will be e&ctually presented, and on this account 
only a small spark of a purely galvanic nature is dbsenred 
at the pomt of interruption where the hammer vibrates in a 
vacuum^* The insertion oi a soft iron core into the primaiy 
eoil has no influence upon this result, for the iron, as will be 
readily seen, is T]ot magnetised. The addition of a condenser is 
equally without effect. 

• Passing &om this combination to that wherein the current 
travmes the wires in the same direction, the influence of the 
extra current shows itself immediately and in a remarkable 

manner. The scarcely perceptible galvanic spark expands itself 
into a luminous pha^nomenon, whose maG:riitn(1p is actually sur- 
prising when we consider that it is obtaiiu d from a wire only 
100, or at most 200 feet long. Notwithstainliiig its magnitude,' 
however, it is explained by the fact, that, previous to its deve- 
lopment, the above wire constituted a complete circuit to a cur- 
rent of comparatively great intensity. 

In general this pheenomenoii consists of two parts : a more or 
less luminous t^park at the place where the current is interrupted, 
and a soft, clear, blue light surrounding the neighbouiiiig parts 
of the hammer. The formation of both, however, is different 
according as the galvanic current is excited by one, two, or three 
of Grove's elements ; according as the wires are connected side by 
side or one after the other, or a soft iron oc«e inserted in the coil 
or not ; and lastly, aceor&ig as a condenser is used or not« I 
have generally employed a battery of two of Grove's elements, 
and connected them with the hammer so that the pin formed the 
negative pole. Under these circumstances the following was' 
observed. 

"Bj combining the primary whres side by side, the spark is 
pretty strong, but the bine light very weak, provided no soft 

* Tins method of connecting the wires is perhaps the only practical 
means of excludiiig the influence of induction currents when measuring the 
vekwity witii wfaich electricity is propagated ; an influence to which must 
be chiefly ascribed the extraordiiuury disparity between the results already 
obtained. 
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iron is employed. When the soft iron cor^ is inserted in the 
coil, tiie uitensity of both increases, but it is the spark which 
especially gains magnitude and brilliancy, aail iii these respects 
is at least three times greater than the spark in free air. It 
•etually assumes the form of a small flan>e bursting forth ob 
all sides from under the pin, in the midst of whi^ the iM»it of 
the pin may be distinguished as a brilliant luminous point. The 
blue lights on the contrary, covers all the neighbourmg parts ol 
the pin, whieh forms the negative pole, with its beautifm bnght- 
ness, and would undoubtedly spim itself mora were the hamni^ 
suitably constructed^* 

When employing soft iron, the eondeinser has scarcely any 
influence upon the ph?enomenon ; without soft iron it weakena 
the spark a little, and destroys the blue light completely. 

The primary wires being connected end to end, the spaik 
becomes smaller and less luminous. The blue light, on the cost* 
trary, i*^ more developed, if not more bcjuitifully blue. 

When the current is revei*sed, it is the vibrating hammer 
which becomes covered with the blue light; this is not only 
beautiful to observe, hut also gives rise to a remarkable occur- 
rence : the anterior part of the tongue between the pin and the 
armature, which is not traversed by the current, receives a lumi* 
nous covering. 

The abuve-iiieiitioiicd phsenomena are well calculated to render 
perceptible the iulluence of the soft iron core in its several forms. 
A massive soft iron bar introduced into the primary coil weakens 
the action which this coil exerts when alone, in exactly the same 
mawiev aa it decreases the spark when the hammer vibrates in 
free air. On the contrary, a hollow bundle of wires, whose walls 
Sire:toleiably thick, is just as effiBotual aa a full bundle, and ita 
action is little or not at all dimini^he4 when a solid bar is intro- 
duced into the hollow axis* Th» most effectual means of in- 
oceaaMig the luminous phenomena, however, is to place the coil 
i|i the middle of a very long bundle of soft iron wires ; for this 
purpose I employed the one before deseribedfj whieh is three 
limes as long as the coil itself. 

The insertion of the induction coil into the primary coil has 
no infiuenee upon any of the phsenomena here described, so long 
as the former remains unclosed, and does not present a closed 
circuit in its interior. When closed, however, either by metallic 
contact or by a well-exhausted electric egg, its insertion weakens 
the luminous phenomena at the hammer, vibrating in a vacuum 

* Neefhiandf allowed the hsmmer to vibrate in a vacuum (Pop;. Jam, 
vol. Ixvi. p. 432), hut the small iotensi^ of bis apparatus did nst, gccwvss, 
permit him to sec the phecnomeilOB in !(■ iuU development. 

t Fhil. Mag. vol. x- p. 6. 
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very much. l%is 10 ft nay dear pfoof ol the mctioit of tlie 
imdiioliaii mrrent upon the extra current. 

It may also be mentioned, that when the hammer vibrates in 

a vacuum, and when the parts which beat agrainst one another 
five of platinum, the latter are very much attacked. The platinum 
part of the tongue, the brass part above it, the screw of the pin, 
and the mountings are all greatly blackened. This black powder 
evidently consists of finely pulverized platinum, which, when the 
haiiniiL r is in activity, can be seen scattered in small sparks from 
the point of the pin around m all directions. 

Owiug to this strong action upon the hammer, the above- 
described method of increasing the intensity of the induction 
eomnl ia Boaicely to be recommeiided in practice ; nerartheleiei 
tbeoretieaUy conudered, it ia certainly not kse interesting than 
the three methods already known ; by the condenser, by allowing 
the hammer to vibrate nnder water, and by interrupting the 
enrrent between the poles of a magnet, which last method was 
iaveetigated by Rijke. 

The action upon the hammer, however, can be considerably 
dimmished by substituting a silver in plaee of the platinum pin. 
The sparks then assome a green colour,* which is particukurly 
visible in daylight. 



XXIY. OnmEketHcal Apparatus which acts the part of a Valve. 

By M. J. M. Gauoain. 

MOAXJGAIN has recently communicated to the Academy 
• of Sciences in Paris, a Note on an Electrical Apparatus 
which acts the part of a valve*. The subject has been further 
examined by M. Riess, wa. account of whose researches we intend 
to appear in a subsequ^t Number of the Philosophical Maga- 
zine. M. Gaugain remarks, that there is a numerous class of 
electric currents which are considered as being formed by the 
succession of several other currents, with directions alternately 
opposed to each other. To fix definitely the true constitution of 
these composite currents, it was thought useful to isolate the 
partial currents which form them ; and to attain this end, he 
proposed to devise an apparatus which should possess (like a 
valve) the power of arresting currents having a certain direction, 
while it should leave to those liu\\ing in an opposite direction 
perfect freedom of passage. Several combinations which fulfil 
this condition more or less eompktely wore successively studied j 
they were based on the known properties of points, and on the 
experiment of the pierced card. We will here, however, limit 

* Comptes Rendus, vol. xl. No. 12. 
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Qiurselves to the description of an ^pmtiiB wherewith M. Gau- 

gain has obtained results much more satisiBctory than with any 
other, and which ia founded upon an obseryea fact whidi he 

believes to be new. 

Tjet nn ordiTinry electric e^g* be taken, and let the upper knob 
be coated with an insulating substance, the stem which supports 
the knob being similarly coated, leaving naked only an exces- 
sively small portion of the surface of the knob : let the egg thus 
prepared be placed in the circuit of a Ruhmkorff^s coil : intro- 
ducing a galvanometer also into the same circuit, the following 
facts may be observed : — When the mduced cunxuts which cor- 
respond to the interruption of the inducing current (the only 
o^es whieh taTerae the wumn of die egg) pass from the eoveied ■ 
to the naked knoh, the intensity of the cunent indicated by this 
galvanometer goes on increasing as the air within the egg ia 
more and more rarefied; but this is not the case when the 
induced currents pass through the egg from the naked to t&e 
covered knob. In this case the intensity of the current goes on,, 
at first advancing as the pressure is diminished ; but when this 
pressure descends below a certain limits the deviation of the gal* 
vanometer diminishea^j for a certain pressure it becomes zerOj 
and finally changes the sign when the vacuum is as perfect as 
can be ootained with a good air-pump. M. Gaugani limited 
himself to the establishment of this fact without seeking an in- 
terpretation; this sufficed for the object he had in view, namely, to 
nhow that the currents traversed the e^cg heely when they passed 
from the covered knob to the naked one, and could not pass in 
the opposite direction, when the vacuum was suitablj'^ made. 
From this it fallows that the electric esra:, disposed as indicated, 
can act, in relation to certain curitula, the pail ui a valve with 
respect to liquids. 

M. Gaugain believes that this eleetric valve may be uselbl in 
a certain number of researches, and he has already applied it to 
the solution of a question raised by M. du Moncd in one of the 
last communications made by the latter to the Academy of 
Sciences. When a condenser is interposed in the induced cir- 
cuit of the apparatus of Ruhmkorff, the motion of the electricity 
continues, as is proved by the physiological and luminous effects 
produced on the circuit : but two different hypotheses may be 
made as to the nature of this movement. It might be supposed 
that the electricity propagates itself across the insulating lilm of 
the condenser in the same manner as it passes through a con- 
dueting body, and in this case its direction \vould be constantly 
the same ; it might, on the contrary, be supposed that the two 

* A glass receiver shaped like an egg. 
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electricities, developed by the induction apparatus, acc uimilateon 
the two surfaces of the coudcuscr during the time the electi'o- 
motive force is active, and that they rccorabine as soon as this 
force ceases to act. According to this latter hypotliesis, the 
current ought to pass in opposite directions alternately ; the 
rigorous diseuttion of the faets M« Gaugam belkves somdent 
to decide which of those hypotheses is the true one ; but the 
question may be resolved in a decisive manner by means of the 
electric valve. 

To render our language definite, let us suppose the condenser 
employed to be a Franklin's plate^ placed hori2onta11y> and that 
its inferior surface is in communication with the negative pole of 
the induced circuit of the induction apparatus; let two different 
communications A and B be established between the positive 
pole of the apparatus and the superior armature of the con* 
depser: in each of these portions of the circuit let a galvano- 
meter and valve be introduced, and let the two valves be disposed 
in such a manner that the currents can pass in the circuit A from 
the pole to the condenser, and that, on the contrary, they can 
only pass in the circuit B when they are directed from the con- 
denser towards the pole : it is easy to see what must take place 
aeordmg to each of the hypotheses between which it is our wish 
to decide. If the direction of the currents be constant, they 
will pass exclusively in the circuit A, or exclusively in the cir- 
cuit B ; if, on the contrary, the motion of the electricity consists 
of a succession of two currents alternately opposed to each other, 
the two cu'cuits A and B will be traversed simultaneously by the 
opposed currents; and the direction of these currents^ deter- 
mmed only by the disposition of the valve, will he independent 
of the of the mducing eorrent Noir it is in dS»l«tter 

way that the facts exhibit themselves; the existence of currents 
which traverse at the same time the circuits A and B may be 
proved^ either by the simultaneous appearance of light in the 
electric eggs, or by the deviation of the galvanometers. The in- 
tensities of the two currents differ very little from each other; 
this may be inferred from the following numbers : in one of the 
experiments the deviation corresponding to the current which 
charged the condenser was 63 degrees ; the deviation due to the 
current which discharged the condenser was 61 degrees. It 
evidently results from this experiment, tliat the motion of the 
electricity in a circuit interrupted l)y the interposition of an 
insulating iilm is formed by the succession of two alternate 
currents. 

In a recent number of the Comptes Rmdus, M. Oanprain has 
dcBcribed further experiments of this nature ; we shall take occa- 
sion to refer to them in an early Number of this Journal. 



[ aio ] 

XXY. On the Law of Electro-chentkal EgmwUenis* 

By M. I. SORET*. 

IN a previous memoir I have shown that equal weights of 
eopper arc obtained, by submitting to the action of the 
same current different electrolytes in which copper forms the 
positive elemnnt, or what is called the cation, I proposed also 
to study the different electrolytes of which hydrogen is the elec- 
tro-positive radical, and had even commenced some experiments ; 
but I have given up this investigation, whieh has become useless 
since M. Desprctz published his researches upon this subject, 
and announced his intention of pursuing ihem. I shall here 
limit myself to the relation of the following observation upon 
the decomposition < 1' w ater. 

When distilled waicr is bubuiitted to the action of a somewhat 
powerful battery (sixty small Grove's elements), the gaseous 
bubbles which are disengaged at one of the electrodes are attracted 
by the other electrode, probably in consequence of the great dif- 
ference of tension of the eleetrioity at uie surface of the two 
poles. The molecules of gas, and perhaps of water, electrized 
by their contact with one of the polesy discbarge themselves upon 
the other. 

It is possible that, by this mechaideal transfer, if I may call 
it so, there may be a passage of a certainqoantity of inefficacious 
electricity, which will necessarily be greater the nearer the elec- 
trodes are to each other. But I do not know whether the 
amount of this may become considerable. 

The same thing does not take place in acidulated water, the 
conduetibility of which is much greater, because the difference 
of tension of the two electrodes is much less considerable. 

To return to the law of electro- eh euncal equivalents. We may, 
I think, consider that the above-mentioned researches have de- 
monstrated, that, in taking separately the groups of different 
electrodes froni whieh the current separates the same electro- 
positive radical or cation, the law of Faraday is exact, within the 
limits of errors of ubsi rMitiou. Buff has proved a second point ; 
he has shown with iiiLiate of silver that the point of silver sepa- 
rated is exactly in proportion to the quantity of electricity which 
traverses the electrolyte, whatever may be the intensity of the 
currentf. 

To complete the verification of Faraday's law, it is necessary 
also to show that a similar current traversing electrolytes, the 
electro-positive elements of which are different, separates weights 
of these elements proportionate to their clumaicsl equivalents. 

* From the Conmtes Rendus for Au^st 6, 1855, p. 220. 
t Liebig's AwnaUn, vol. ha^a, p. 1. 
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It is with this view that 1 have undertaken the following expe- 
riments, by means of which 1 liave compared the quantities of 
copper, hydrogen, and silver separated by tlie cun-ent. T have 
also tried some experiments upoo lead, but liiey did nuL lead to 
a satisfactory result. 

I. Comparison of the quantities of eoipper and hydroyen sepa* 
rated by the same current, — ^The comparison of tlie quantities of 
copper and hydrogen separated by electrolysis has been effected 
by means of a somewbat complicated apparatus, wbicb it would 
be difficult to describe completely without the aid of a figure. I 
shall therefore confine mysdf to indicating Imefly the mode in 
which I have operated* 

An electrical current traTeised simultaneously a solution of 
sulphate of copper, and some acidulated water. The copper 
deposited on a platinum wire was weighed directly. The hy- 
drogen was determined by combustion, as in an organic analysis* 

In preparing the sulphate of copper, in its electrolysis and the 
weighing of the deposit, T operated exactly in the same manner as 
in the researches upon the salts of copper previnnsly referred to. 
Considerable difficulty is met with in the exact determmatiou of 
the quantities of water decomposed by the pile. In fact it is to 
be feared that a portion of the gas set free combines afresh. 
The circumstances which may be in favour of this recombination 
are, — 1, the mixture of the hydrogen and oxygen ui the presence 
of the plaliiium wires, especially if a part of the oxygen is in the 
state of ozone ; 2, the contact of the hydrogen dissolved m the 
water with oxygen in the nascent state; 3, the formation of 
binoxide of hydrogen, that is to say, of a very oaddizing body 
which may bum im hydrogen. These causes of cmr axe avoided 
mincipally by separating the gases from the moment of their 
formation, and raising the temperature of the ekctrdyte* Tha 
best mode of separating the gases appeared to me to consist in 
plunging the elect]H>de8 in two separate test-tubes, united by a 
siphon filled with acidulated water. They were kept at a tem- 
perature of IHOP to 158^ F. The hydrogen disengaged from 
one of these test-tubes psased first through a series of desiccating 
apparatus, and then traversed a combustion-tube. The water 
was absorbed in weighed tubes. A current of atmospheric 
air which traversed the apparatus at the same time, sen^d to 
draw the whole of the hydrogen into the combustion-tube at the 
conclusion of tlic experiment, and to prevent the detonations 
which would incv itabiy have been produced if the proportion of 
hydrogen had been considerable. 

I made a certain number of preliminary experiments to deter- 
mine the strength of the pile which it would be necessary to em- 
ploy, and to ascertain the limit of exactitude in the observations; 
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I believe that we caunot hope in these expenmeuts to measure 
the quantity of \\ ater absorljed ^ith certainty ^nthin 0 1)01. 

The definitive experiments were made with twenty Bunsen's 
elements. 395 6 was taken as the equivalent of copper, and 
112*5 as that of water. The results are given in the following 
Table 



Numbcn 
of the ex- 
periment*. 


Ihi ration 
of the cx- 
perimenU. 


Weight of 
copper de- 

poaited. 


Weight of wa 
Calculated. 


ter ainorbed. 
Found. 


AbMlnte 


Bdatife 


1 

. 2 
8 


houn. 
6 
6 
12 


0-4133 
0*48M 
1*0133 


^1176 
0'1381 
0-2883 


5*1180 
0*1382 
0*2871 


+0-0004 
+0-0001 
-0*0011 


-sir 








0-5439 


0-5433 


-0-0006 





It appears thLit the absolute differences do not exceed the 
limits of exactitude to be expected. The greatest ditfereuce 
is jj-j of the total quantity of water absorbed, and the average 
relative difference only extends to ^Jy. "Faraday^s law is there- 
fore verified by these experiments. 

TI. Comparison of the qaantities of silver and copper separated 
by the same current. — The com [i an son of the weights of copper 
and sliver separated by the aetion of tlie pile is much easier. 
The electrolytes which I have employed are pure sulphate of 
copper and nitrate of Bilver. 

The electrolysis of the lulphale of copper mm ^ected as in 
the preceding experiments^ and that of the nitrate of silyer nearly 
in the same manner. A neutral solution of nitrate of silver was 
placed in a tube closed at one end* In this a platinum wire was 
immersed as a negative electrode^ and a silver wire as the posi- 
tive one. The silver deposited was washed with distilled initer, 
then left to dry in the open air^ and weighed. My first experiT 
.ments did not present complete exactness, from certain causes' 
which were afterwards avoided. 1350 was taken as the equiva^ 
lent of silver. The following Table contains the results of the 
final eiqierimeuts 



N)uribcri 
of at^foiF 


Duration 
of the ex- 
pcnnmti. 


Wcipht of 
■ilver de> 
piMitod. 


Weight of copper deporited. 






Calculated. 


Found. 


1 

2 
8 


b<MUt«. 

u 


0-8781 

0- 3999 

1- 6084 


?'2573 
on 72 
04713 


0-2572 
01168 
0-4708 


-O-OOOI 
-0-0004 
-0 0005 


fli^a 








0-8468 


0-8448 


«0-0010 
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The absolute differences may be entirely referred to possible 
errors in the weighing:. We may observe that the values of the 

chemical equivalents themselves are not determined with greater 
accuracy, for if we only admit 395-1 as the equivalent of cop- 
per instead of 395*6, the law is mathematically verified by the 
average of these experiments. 

Conclusion, — ^The weights of copper, hydrop^en and silver, 
separated by the same electrical current, ai'c m proportion to the 
chemical equivalents of these bodies, and Faraday's law is veri- 
fied withm the limits of errors of observation. 



XXVI. Notices respectkiff New Books, 

A Treatise on Lhe Cakuius of Operations. By the Rev. IIobket Car- 
KIOSAKL, A*M», FelkmofWmhf College, Dublin, and Member of 
the Rojfol Irish Academy. London: Longman, Brown, Green, 
Mid Lcmgnians. 1855. 

'T^HIS is a work which will be welcome to every mathematical 
ttudent, for it will, in a great measure, supply a want whieb 
has long been felt. The CalculnB of Operations ranks amongst the 

most important improvements which modem mathcm tti clans have 
introduced. It originated in a profound investigation of the essential 
nature of all existing operations, whereby it was found, that, although 
they differ considerably in their objects, they have nevertlieless so 
much in common that the results obtained by one o])eration may, 
with a few modifications, be translated into tlie laaguagu of another ; 
that each, in &ct, is a particular inteipietation of far more general 
results, which are susceptible of an unknown number of interpre* 
tations. 

A wide field of discovery is thus opened to the mathematician, ' 
Not only are operations in differential calculus, in integral calculus, 
and in the calculus of finite dilFerences, in some cases, immensely 
facilitated, but an intimate relatiou between these O])erations is esta- 
blished, and the key obtained to still higher and more complicated ones. 

6n^ being the importance of the subject, no doubt can be enter- 
tained that the calculus of operations might be introduced into our 
elementary coarse of instruction at a far eailier period than it is at 
present ; but in order to do so, its elementary principles must be 
first demonstrated with all that lucid precision and completene«s 
which is necessary to interest and carry conviction to the young 
student, and thus enable Inm to employ the calculus with coutidence 
and facility. This ib scarcely the object of the book under review. 
The anthor has finniahed an adminble text-book to those who are 
aheady, to some extent, acquainted with the calculus. He has atu- 
diouBly avoided "all prolixity of detail as alike unnecessary and 
wearisome" to them, but we may add, important and not neceS"^ 
smriljf wearisome to the less advanced student. To such intentions. 
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of course, no one cbh take oliiection ; and the le«5i m, h? in thi? in- 
stance they have been faithfully executed. The researches of other 
mathematicians on the subject have beeo carefully collected, and 
not unfrequently considerably improved ; beakiM ivbich the author 
has added much of his own, and treated the subject throughout with 
great ability and elegance. Nevertheless it is worthy of considera- 
tion, whether, by expanding the second chapter on * Elementary Prin- 
cij)les,' and by enterinc^ more fully into those details of which we have 
before spoken, the sphere of the book's usefulness could not be con- 
siderably increased. 

The Elements of Plane Practical Gcotnetry, with Illustrative Applica- 
tions. By k. W. Dallas, F.RM.E, London: John W. barker 
and Son, West Strand. 1S55. 

The author'? object in writing this work was " not so much to 
educate mathematicians as to pro\ide the ordinary workman with an 
intelligent reason for many of tho.>*e problems of geometrv that occur 
in the operations in which he is daily employed, and a iaiow ledge of 
the principles of which most tend to correctness and ezceUenee of 
execution.'* It is a difficult task to avoid embarrassing such a class 
of readers with too much theory, and at the same time to preserve 
the necessar}' mathematical precision and sequence. ITiis task the 
author has accomplished with prai^^ewortbv skill 5 for althoiis^h a 
mathematician would certainly detect imperfections, they are of such 
a nature as not to dimmish the value of the book to those for whose 
perusal it was written. 

The number of theorems in the first peart is as small as the ' wurit- 
man* can desire, and they are demonstrated concisely and clearly. 
The practical problems in the second part are, for the most part, 
•well chosen and FkilfnlJy solved. Amongst the in the mathematical 
student will recognize many ' deducibles ' whose solutions have cost 
him much labour, and he will certainly find it instructive to compare 
his owu solutions with those here given, lie must not forget, huw- 
ererj that in his case the principal value of Uiese problems is to b« 
found in soivmg them, ratiier than in knowing their solutions. 

The ' observations and applications ' appended to many of these 
problems are not so skilfully chosen as we could desire ; they are 
intended to " afford soThe indication to the reader of the very general 
application of geometry," but they do so very inadequately, and it 
it is quite possible that their perusal may he a source of some dis* 
appointment to the ardent student. Many of them he will certainly 
fod interesting, others superfluous, because he would undoubtedly 
have made them for himself ; others, again, he may find trivial, and 
a few, such as the remark ttbont diverging rays in the sky (p. 65); 
are of douHtful accuracy. Nevertheless the work will be a welcome 
one to those for whom it was intended ; and the fact that it was 
undertaken at the suggestion of the Honourable the Board of Trus- 
tees fur the Encouragement uf Manufactures, 6lc, in Scotland, is a 
good guarantee that sndi 'a work was needed. 
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Recent Cambridge Mathematical Works. 
A Treatise on the Differential Calculus, and the Elements of the IntC" 
gral Calculus, wifh numerous Examples. By I.Todhunter, M.A., 
Fellow of St. Johns College, Cambridge, Cambridge ; Macmiilan 
and Co. 1852. , 

A Treatise on Analytical Statics, with nvrnerous Examples. By 1, 
ToDuvsTEK, M. A. S(C. Cambridge: Macmiilan and Co. 1853. 

Elementary Mechanics. By J. B. Ph£ab, M.A., Fellow and Matlw- 
matical Lecturer of Clare Hall, Cambridge, Cambridge: Mac- 
miilan and Co. 1850. 

Elementary Hydrostatics, with numerous Examples. By J.B. Phbab, 
M,A, itc, Cambridge: Macmiilan and Co. 1852. 

Arithmetic and Algebra, in their Principles and Application, with 7iu- 
merotts systematieaUy asrunged Examples, taken from the Cambti^e 
ExammatUm Papers, with especiai rrferem^ to the ordinmy Exam^ 
nation for B.A. degree. By Barnard Smith, M.A., FelUfw of 

St. Peter s College, Cambridge, Second Thousand, with an addi- 
tional Appendix. Cambridge: Macmiilan and Co. 1854. 

The first thing that strikes us in all these publications of Messrs. 
Macmiilan and Co., is the beautiful way in which they are all printed 
and " got up," Those which contain diagrams and figures have 
them on the same page as the text, which is a very g^ eat convenience 
to the reader. Most mathematical books of late years have all the 
plates at the end of the Toliime (for the .sake of cheapness)* vol ar- 
rangement which gives constant trouble and annoyance to the attt* 
dent. We would gladly pay a shilling or two exSn, if necessary, to 
save all tliis trouble of turning to the plates every time the figure 
has to be looked at. We come now to the merits of the works as 
text- books on their respective subjects. 

The ' Differential Calculua ' of Mr. 1 udhuntcr is an excellent one» 
and has already taken its place at Cambridge as the text-book on 
that subject. We are hi from thinking that the author has don^ 
aU diat can be done towards making the principles of the Calculus 
clear and satisfactory; but he has done a great deal. We can 
strongly recommend the work to ail students, whether at Cambriidge 
or elsewhere. 

The ' Analytical Statics/ by the same author, is, as he states in 
the preface, little more than a reprint of those portions of Pratt's 
< Mechanical Philosophy ' which treat of the same subject. The 
well-lmown work of.Ptett has been the text-book at Cambridge on 
all the subjects, almost, of which it treats (from elementary mecha- 
nics up to the planetary theory), ever since its first publication. And 
few books have ever deserved their reputation hLtter. It is a first-rate 
book, and Me cannot understand why it siiould be allowed to go out 
of print, as it now is. The publishers, indeed, announce their inten- 
tion of issuing the remaining portions of the work under oUier editors, 
which may certunly afford an opportunity of improving the book in 
various req)ect8 (for instance, placing the diagrams on the same 
page as the text instead of at the end) ; but the whole work will 
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of this arrangement, vizi that it ^«MiUe tMealil tt» |iiiitln|«oiif* 
thoae parts which they immediatdj 'wantfiiaikd those, fdr el#aipl^ ' 

who only want the elementary subject, lis^d not buy de part on 
the lunar and jilanetary theories, &c. ' r . 

Notwitlistaiidiiig: the typographical beauty of this new edition,- 
there are misprints and errur:i in the examples ivhich the editor will 
probaUy eonrwt a fiitm edituBa.% Hw •dditkaifli mtmfitmfdrm, 
indeed, the chief reoemneiidalion of tins new ediiiofMMcntiie ovginal) 
but the greatest oara ought to be bestowed to ensure Ibe ficefeet aecuJ' 
racy of these examples, which otherwise will only serve to confase 
and perplex the student, especially if he has no tutor. Ths few 
additions to the original text of 'Pratt' are derived chiefly frQni<MSS.>< 
which liave long heen familiar to the Cambridge student. • : • ^ • 

Mr. Fhear's ' Eiementary Mechanics ' is al«o a good ^eoHentaty 
text-book. The eixamples we mwcvoueg and apparently wf V choM« 
We extract two simple ' queationSk' one fromihis f Meakanies/ and • 
the other from his 'Hydrostatics,' as good specimens' of a class of 
questions which we should he to 4neet witb ^move frequeutilj in 
examinations and books 

"A shopkeeper has a false balance, and thinks to make his cus- 
tomers' consequent losses and gains balance each other by weighing 
the goods which he sells alternately in the one scale and in the other; 
does he snoceed ?" (Mechanics, p. 107.) 

Is it advantageous to a buyer of ifiamonds that the weighing of 
them should be nusde when the barometer is high or when it is low, 
supposing their specific gravity to be less than that of the substance 
used as the weight ? " (Hydrostatics, p. 39.) 

The great fault of all Cambridge mathematical books is, that they ' 
do not hear sufficiently on jt^mc^ica/ subjects. Ingenious problem! 
are framed* having no earthly connexion with any practical purpose 
or application, wlulst hnndreds of qfaestionv loiglit be jnoposed quite 
as good in the way of illustraiing mat hematicid principles and cal- 
culations, and much more useftd. Engineers and other practical 
men would often be led to consult mathematical works, and to study 
mathematics, if they found what they nmnted in such a course ; but 
unfortunately they find scarcely anything of practical utility to them. 
Cambridge men have themselves acknowledge^ tl^is deifect.in^their.. 
sybtem, but few have done any thing towafdi correctanjg it. Thi^ 
following quotation from Whewell's preface to the fint part of lus 
' Dynamics ' (published in 1832), is just as applicable now as ever ; , 
" Analytical as well as geometrical speculations may be unprofitable. 
The really important apj)lications of mathematics are so numerous, 
that it is by no means desirable to eraj)loy the fetudent's time on 

detached and useless problems There can be no doubt of tlie 

advantage which students derive from worldng out the .results of; 
these and similar problems as exemplifications of the e:pplicimon of ^ 
their principles. But those who woufd really u8e their mathematical ' 
acqoirements for the improVfement of their fellow-students in this 
place, may easily find better subjects for their skill. There are at . 
present a number of branches of natural science to which u^athen^- 
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tical calculation has been so far successfully applied, that they miglit 
form a portion of the subjects of study here, if we had clear and con- 
Teaieat treatues upon them." (Prefmce, pp. xvii and ZTui.) 

We maj also quote the following from a really practical wotk fay 
one of the most distinguished Cambridge men of the present day; 
whose exan^e, it it much to be regretted, has not been foUoved 
by more men of his cn-n university : — 

" I am not without hopes, that, in addition to it? principal object 
of fjiving a scientilic and systematic form to its bubject, the results 
of the volume which i now venture to present to tlie world may be 
ftnnid a usefiil addition to mathematical studies in general, by afford- 
ing simple illustrations of the application and interpretation of for* 
molse, and by suggesting new subjects for problems, and for further 
investigation." (Willis's 'Principles of Mechanism/ Prefttce*) 

Mr. Phear's ' Hydrostatics' is not sufficiently copious and expla- 
natory. He (like so many other Cambridge writers) has sacrificed 
clearness to brevity. But there are some good examples, and the 
work, like all the others, is admirably printed. 

Of Mr. Barnard Smith's ' Arithmetic and Algebra,* we need say 
no more than repeat the encomium of Dr. Peacock, and recommend 
it as the best book we know on tiie subject. We may state tiiat the 
' Arithmetic ' is published sepwntely for the use of schools. 



XXVII. Praceedmga of Learned Soeietiet. 

BOTAL SOCIBTT. 
[Contiaaed from p. 149.] 
May 24, 1865.^The Lord Wrottesley, Firesident, in the Chmr. 
'T^HE following communications were read 
^ " On a Decimal Compass Caid." By James M. Share, Esq.^ 
Master R.N. 

The mariners' compass-needle havinnr of late years received great 
improvements, I am of opinion it is high time the card, as at present 
arrannrcd, sliould take its i)lace by the side of such things as are 
superaedcd by others better adapted to the advancing spirit oi the 
times. 

I venture to make an attempt to innovate on an old custom, by 
suggesting the substitution of a compass card containing thirty-six 
points of ten degrees each — every degree being one- tenth of a point. 

Bv the use of this card the mariner will avoid the constantly re* 
CurriiiL^^ trouble of turning degrees into points, and vice versa. 

The ship's course having been worked out in degrees, the devia- 
tion and local attraction have but to be applied to adapt it to the 
decimal steering card, thus rendering the " traverse table for 
points" no longer necessary to those steering by it; the course 
N. 85^ B. being the same as *' north three and a half points east," 
&C. Thd same remark applies also to astronomical bearingSy azt- 
mutlis, amplitudes, &c. 

Should the decimal card be adopted, the old-fashioned method of 
" boxing the compass," which takes young people so long to become 
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familiar with, will be entirely s\i]ier6eded, and I think the fooner such 
method becomes obsolete the better it will be fortiie interesti* of the 
mariner, for, together with otiier advantages, the tedious operation 
of a " day's work " will be divested of half the usual trouble. 
' When giving a course to the " qimter-Biaeter,'' or " man at tfaa 
wheal," no mistake, so liable to be the oaie at preseat, cam weU 
occur ; it will merely be necessary to diieet him to steer, tot iaelaaoe. 
'J north five points eaet," or more briefly, " aorth five east," " eovtli 
six west," &c. &c. 

I recollect an instance of a vessel steering N.W. by N. \ N., 
instead of W. by N. \ N. during- thick weather in the iinstoi Channel, 
thud running into danger from the bimilaruy of sound between the 
courses alluded to. 

The praotical applioation of the decimii] card would not maitefiaUy 
afieot the charts previously published, which could have printed 
compasses containiog thirty-six points pasted over the others. Sudi 
might be sold by any chart*seUer. 

" Observations on the Human Voice." By Manuel Garda, Esq. 

The pages which follow are intended to describe some observa- 
tions made on the interior of the larynx during the act of singing. 
The method which I Imve aflopted i;^ very simple. It consists in 
placing a little miiTor, hxed on n long handle suitably bent, in the 
throat of the person experimtattd on against the soft palate and 
uvula. The party ought to turn himself towards the sun, so that 
the luminouB rays falling on the little mirror, may be reflected on 
the larynx. If the observer experiment on himself, he ought, by 
means of a second mirror, to receive the rays of the sun, an I din ct 
ihem on the mirror, which is placed against the uvula. We shall 
now add our own deductions from the observations which the image 
reflected by the mirror has a£forded us. 

Opening of the Glottis. 

At the moment when the person draws a deep breath, the epi- 
glottis being raided, we are able to see the following eeries of move- 
ments : — the arytenoid cartilages become separated by a very free 
lateral movement ; the superior ligaments are placed against the ven- 
tricles ; the inferior ligaments are also drawn back, though in a lesa 
degiee, into the same cavities ; an4 the glottis, large and wide opeq« 

exlulttted so as to show in part the rings of the trachea. But 
unloi^nately, however dexterous we may be in disposing these 
organs, and even when we are most successful* at least the third 
part of the anterior of the glottis remains concealed by the epi- 
glottia. 

Movement of the Glottis. 

As soon as we prepare to produce a sound, the arytenoid carti- 
lae^es approach each other, and press together by their interior 
surfaces, and by the anterior apophyses, without leaving any space, 
or intercartilaginous glottis ; sometimes even they come in contact 
$0 closely as to croaa each other by the tubercles of Santorioi. To 
Ihia mQVQineikt.qf the anterior apophyses, that of the ligament* ^ 



tl^ KMia cme&poaAftt wluoh ditacb theiiiMlvel from the ▼entnelei. 
cone in contact with difi*ereiit d^^t^ of energy, aud show them- 
selves at the bottom of the larynx under the form of an ellipse of a 
yellowish colour. The superior li^mentg, together with the nrv- 
teno-epiglottidean folds, assist to form the tube which surmounts 
the glottis ; and beixig ihe lower and free extremity of that tube, 
enframe the ellipse, the surface of wliich they enlarge or diminish 
according as they enter more or less into the Tentriclei. lliese last 
sceicely retain a trace of their opening. By anticipation* we might 
say of tiiese cavities, that, as will afterwards appear clearly enongfai 
In these pacies, they only afford to the two pair of ligaments a 
space in which they may easily range themselves. When the 
aryteno-epiglottidean folds contract, they lower the epiglottis, and 
make the superior orifice of the larynx considerably narrower. 

'i'he meetins: of tbe lips of the o:lottis, naturally proceeding from 
the fruiit tuwai'ds the back, if lias movement is well managed, it 
will allow, between the apophyses, of the formation of a triangular 
spaeei or inter-eartilaginous glottis, but one which, however, is 
elosed as soon as the sounds are produced. 

After some essays, we perceive that this internal disposition of 
the larynx is only visible when the cpi^rlottis rrmnin? raised. But 
neither all the registera of the voice, nor all the degrees of intensit3% 
are equally fitted for its taking this position. We soon discover 
that the brilliant and powerful sounds of the chest-rcf^ister contract 
the cavity of the larynx, and close still more its orifice ; and, on the 
contrary, that veiled notes, and notes of moderate power, open both 
so as to render any observation easy. The falsetto register especial* 
ly possesses this prerogative, as well as the first notes of the head- 
voice*. So as to render these ^ts more precise, we will study in 
the voice of the tenor the ascending progression of the chest- 
register, and in the soprano that of the fidsetto and head-registerB. 

JBmitsion of the CheH*voiee» 
tf we eofldt veiled and feeble sounds, the larynx opens at the notes 

and we see the glottis agitated by large and loose vibrations through- 
out its entire extent. Its lipe comprahend in tiieir length tbe antei 

* L«t 01 bsie obism, ttet thrce rsgbters of volee are gaseiilly sdnltMl,-* 

chest, falsetto, and head. The first begin* lower in a man's volee than in a 
womaa's ; tlie secoad Gxteadt e^pial^ in both voiAM } the tiikd ft ftfhts Vif lhf t ia 
the female voice. 

AUp ^ fk§ JKmmbi Voke ^ Utjktt aeteni. 




t The musical limits we «stobli«h ia the courne q£ tbsaa ysges vsqi a iitlls is 
fSdi iadividuaL 

• Q 2 ' ' 



'#ior ajxTphysed of the arytenoid cartilages and the vocal cords; but, 
ji'Vepeat it, Uicre remains j\o triangular spaoe^ii* -! ' > 

As the sounds ascend, the apophyses, which are slightly rounded 
MW>«h^'9)a[teniat' MA^ by K ^gMM kppiMmk ebttMitodt% rff the 
^iMtk, enferoach on the lengSi ef tiie'glblti«'; 'a^ as' soMr as we 
'i«a«li ibe ibtaads 8i, do, y vi" '» iSMf4idik by foi»eiua|»'feidi 

3 3 ^ — • 

Other throughoat their whole extent ; but their summits are only 
solidly 6x«d pnie against the other at the notes dc^, TC,i j-f^T— 

'JbraolmiDigaia these summits are a litUe-vaMttMingi wliBa tlMf 

^Iparm the posterior endflf.tho^ottis, and the two or three hidf^tooes 
which are formed show a certain want of purity and strength, which 
• •is very w«U known to skngere*. £ionjthQ «k4tU r^, || ■»! jj the 

•/•■'.• ..;*,« , , 3 • ? ^1 Ui'i'j'lJ' \Ki' 

r^bmtioiia« Wi^s beoove rounder and purer, arQ acpom^^islied, by 
. the ^roca) %Maet^lBi alone, up to the en4 o^ tbe register. , ' 

The giplttis at this moment presents the aspect of a line slightly 
a»wejtted.t«|warda ita micldlc, the lei^h of which diminishes still 

more as the voice ascends. We also see that the cavity of the larynx 
has become very small, and that the superior ligaments hav^ con- 
tracted tlie extent of the ellipse to less than one-half. \ 
,. When instead of veiled and fieebl^ spi^i^, >ve make use of full 
and vibratii^ oaear tha glQttia,becQi|Ma,via^ loply at the .soiMs 

. ^ .- 3 ^ » — ~ ■ ■ ■ ' * . ^ • • f. 

to a certain extent on the dexterity of the smger. For all the rest, 

the organs act as we have just said, but with a double difference : 

1. The cavity of the larynx contracts itself more when the voice is 




•itniy lirf, ttdther the oattilages ^ Writbetgv ner the attperfor^ga* 
' ttienttf therasetres, ever close sbf&demly to pteveiit the passage of 

•^^tlie air, or even to render it difficult. This fact, which is verified 

- also with rep^ard to the falsetto and head-ifegisters, suffices to prove 
that the superior ligaments do not fill ia generative part in the forma- 
tion of the voice. We may draw the same conclusion by cOnsider- 

^ iag^ the position occupied by the som^wHat^ feeble muscles which 
MliiitiiwikH'iS^ie^ theeX^^lBtfty 

t ^» Hie • dtli^rging >fibre8 el' the» 'thyi^-krytetioid n^tfsele^ a^l^'take 
iftttrtredpeMally in the conttactiens of the cavit^ of the Ikrjrnx during 
tflWf fbtlsmtion' of tftie higk botes of the chest- iihd'bf 'tbe' head- 

--ife|lstera. • : • •'• 

.' fi. : or-'-: 'I . • Produethtt cf the Falsetto. ' ' ' * - 

"• The lov^ notes of the ifalaliWO, I--, — -Z gH- S sol, laj;, latj, 

show the glottis infinitely better than the jiiinsoidi4i£) tike c)iesrt^YdEce 
rand, produce vibrations more extended and nu)re distincrt. ' Its 
vibr^in^siiiesy foraned bv the anterior a|Ni]>hvtlel''ol^ the^aiTteniiid 
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i4i^^:til9gef»> !%9<J-rbjr!iIjp^4igati*ciiU, become- gradually elwr^^i",, as the 
-voice ascends ; at the>nolies ; la, .&U ^Q^^s^, the >app|)ii3f8«| take 

,fia|t« cM^ly , ftt , Jji^ir sumwit^w fumljio.iOue^e notes , thore. r^ftvltf,* rT^* 
1)619$ ^ilai^$o>th»t wbich:,we have rem^A^fiq;jJies Qb/Bstraolrf/fffn 

.l4oine .C<ontiDue't» mt ^ then begins the series of notes caJJ^d r^a//- 
voiee, . ,The aio^e»t ia iwhiclifi the action of n|i4Q,appphy»«P.^6Wee«, 
•odifttfteLW the feuOde Yoioe a very sensible difference at once to the 
/MattililKtb6itfi#HK}kMlf^(lMl^^ a|yritD(«]i0jldghebt 
>wutHia 4&f theff^Mrj/^lhS^^gloMAi'^nlltt^ dimitiaii iA'tengflb 
landin^tvidth.' * ' ^ -'T:!.-, \y> -< ■ ■ - , . v 
' If we compare tlie'tv^^o n^iaters in these movements, we shall' find 
some nnalogies in thcra : the sides of the glottis, formed at first by 
^e apophyses and the ligament*?, "becbme shirtrter by degrees, arid 
end by coasistieg only of the ligaments. The chest- register la 
•dH$M '9Md tl^d parts/ corresponding to 'fb<lf^'tt^o ^tatto of th^ 

«nft% a ^till tnore striking inahtier. , 
^ Oh other 'points', bh ' tli^'cotitrary, these isame registers are vety 
nnlike. The length of the j^Iotti?^* necessary 'to fbl'm a falsetto ndlfe, 
always exceeds that which produces the unison of 'the chest. The 
movements whicli ngitntc the Sides of the glottis are also aug- 
mented, and keep the vibrating orifice continually half (ppeaied, which 
naturally produces a great "v^te of air. A last trait* of diffierence, 
is !n ihe-llifcrified extent of thit eTliptfe *ttil^ce! * ' ^ - ' • ' 

Att these cir(!;umstances, \viii6fiL wfe'shal! refer to again, show in 
the mechanism of th(i falsetto, a state of relaxation, which "Wfe do dot 
find in iJat satne degree in th6 clrest-register. " * ' ' • 

tij rn (i ffi to 

As w bave just said* and What we haiso) socn -^vfis itkitb^iin. 

ferior ligaments, at the bottom of the laiynx, form PKcliisively the 
.voice, whatever may be its regisJier or its intensity ; t 'r they nloTie 

vibrate at the bottom of the lanrynx*. - But by virtue of what prin- 
jpiple is the voice formed? It i seems to -lae, that the aiiswer^to this 
f^^tipn ca^i be bu( itbis j liie voice is formed one unique mann^,f 

■ '. '.. -•'Ilii^t ligaments of the glottis ^e siti|«ilt& a)Mi^t.lih%-«ii0|iii i^ejlof 
i.tfhe ijpper border, of crieoidr close tlie passage, and presei^t a 
resistance to the air. As soon as the air has accumulated surffe- 
cicntiy, it parts these folds and produces an explosion. But at the 
same instant, by virtue of t^e^r cyiasticity^ and the pressure from be- 
low being relieved,- they meet again to give rise to a fresh explosion. 
^Ai 8e^;Qf J ^ese eons>r«Bsi^8 lOirpmilv^Sy >«urjiol> «x{dp|ions, 
vooanonedtby tibe^expffisiye f6rce of the air and the reaction of the 

i * ^Y« gla(3ly acknowledge that iliii moii important fact has been- already 
[ .anoofinced hy J. Miillcr, alihough Ave have our objeotioiM tft thfr tbeoiy iwhifib 
accompauics it. — Handbuch der Physiologie dea Memchetu 
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This theory, though now gencrallj' admitLed lor reeds, and un- 
doubtedly evident in tlie liquid vein, the toothed«wlie6l of Smili^ 
the Byrdne of the Baron Cagnaid Latour &c., has not to my know- 
ledge, been yet applied to the glottis*. If we consider that the 
lips of this aperture, taken separately, eaa give no kind of sound, 
however we may try to make tlicm speak, we must admit that the 
sounds ^vliich they ^ive forth by their mutual nrtion, are only owing 
to the explosions ot the air produced by their strokes f. It is not 
necessary in order to obtain the explosion of sound, that the glottis 
ihould be perfectly closed each time after its opening ; it suffices 
that it ihottld oppose an obstacle to the air capable of deVeloping its 
elasticity. In this case the rushing of the air i* beard aeoompanying 
the sounds, and they take a veiled, and sometimes an extMniely 
mufBed character ; an observation which we have aliead^ presented 
to the reader's notice in speaking of the fiilsetto. 

Conjedwref m the Formation of the djfermt Registers, 

As the entire systeas of vibrations arises solely from the inlierior 
ligaments, it is e^dent that the cause of the different tones caUed 
registers, mnst be sought for in the muscles which set these lig^^ 

ments in motion ; and that the other parts of the lar3'nx must be 
considered only as apparatus for strengthen in g the sounds o!]tained, 
.and tor modifying their quality. In our efforts to discover the more 
intimate processes of the vocal organs which produce the sounds, 
we shall recur at once to the oljservations already mentioned, to 
some anatpmicai remarks which we are going to make, and to the sen- 
sations which we fbel in the organ itself whOst it is producing sounds. 

If we detach one of the halves of the thyroid cartilage, we shall 
aee a large muscular surface of oblique fibres, which fills all the 
space between the arytenoid and thyroid cartilages. At its upper 
end is to be seen the muscle rorrespondmg to the superior vocal 
ligaments, and which' sometimes extends to the notch in the 
thyroid. After detaching this generally trail muscle, all the fibres 
constituting this nmsonli^' smfiloe seem to start from two opposite 
eej&tres, viz. the anterior snrfisoe of ^e arytenoid, and the re-enter^ 
ing angle of the thyroid. These oentfcs, ooeupying the extremities 
of a diagonal line, send their fibres towards each other in parallel 
lines. Those which start from the anterior face of the arytenoid 
descend obliquely ; the most external ones go to the cricoid, whose 
posterior half they cover at the side ; rhe most internal ones de- 
scend to the vocal membrane J, which they cover entirely. The 
fibres which terminate at the membrane become longer, as they be- 
eenie mom inlersaL Those whabhr rtert from the .re-entering angle 

* I find that Dr. Mfiner hints at the posaihllity of the voice hdngdHiB formed, 
bnt rnilf to httaek snd reject the notion^ /fond^A der Phyrioiogie dmMengehen, 

t Many controveniea have arisen respecting the sounds sometimes emitted by 
fnimalii 9Jmx tUe i ection of the superior and recurrent laryngeal nerves } sounds 
which have been perhaps ooetsioned by the struggling of the anhnsl csnsing a 
swelling of the iicck and a mechanical ntinfact of the vocal ligaments. However, 
without douht, after the section of these nerves, TiMoe, as a Tolontaiy act, C4Q no 
longer take place. < ■ « ■ . , . 

X We thus designate that part of tlie membraae which |eet fton the b6tteai 
af IheTocalligamentttofhesdlgeef thacricoM* 
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oC thft thyfioid» nascend obliquely to the Bummit of the arytenoid, 

then divert In order to form the sides of the ventricles, and then 
disappear in the arvteno-epiglottidean folds and even the under sur- 
face of the ejuii^lotti?. If we cut it away in successive layers, pro- 
ceeding- /row the outbide to tlie in, we reach a thick bundle of fibres, 
perfectly horizontal, which liiie the outer aspect of the vocal liga- 
ment, and vbieh go from the anterior apophyses of the arytenoid 
^0 tbe fe-eaftiriiig angle of the thyroid*. 

Hds bundle has its poaterior half covered by the lateral crico- 
arytenoid muscle, and its anterior half by the diverging fibres which 
etart from the thyroid. If we cnt nway the horizontal bundle in 
successive layers, we see that the hbres are not all of the same 
length ; the ruo^t external fibres are the longest, and tlie succeeding 
ones get gradually shorter as they become more internal j but they 
all originate in the anterior cavity of the arytenoid, and the muscle 
le inserted in the manner above ezpUined throughout the whole 
length of the vttcd ligaments, the thyro-arytenoid portion of it ex* 
oe^ed. As the ftbm all begin from the arytenoid, and terminate 
successively at more distant points of the memfaiaiieyWe see that the 
muscle is thicker behind than before, 

Thus tho voc;il lii!:amf'nt, and the membrane which depends from 
it, the sole sources of all vocal sounds, are under the direct action of 
the fibres which come from the antenor cavity of the arytenoid ; the 
ligament under the aetion of the horizontal bundle, the membrane 
under that of the oblique fibres, The long horizontal fibres, ex- 
tending from one eartilage to the other, are placed at the exterior of 
the short horizontal fibres, and at the interior of the oblique fibres* 
The diverging fibres which start from the thyroid, acting only on 
the superior vocal ligaments and the folds, seem to influence by 
their contractions only the quality and volume of the voice. 

The remarkable an aiigeinent of the fibres which we have just ex- 
amined, enables us to explain a fundamental fact, — the elevation of 
tiie voice. The fibres of the horizontal bundle being placed over 
each oUier, in layers, one covering the other, and getting gradually 
longer and longer, as they become more external, extend their actioa 
to the more anterior parts of the edges of the glottis. This progress- 
ive action from the back to the front, encroaches gradually on the 
length of the vibrating portion of the ligament, and likewise increases 
its tension, and its faculty of accelerating its pulsations. 

Another portion of the thyro-arytenoid muscle at the same time 
stretches and raises the vocal membrane more and more, causing a 
lesser depth of the ligaments to be in contact, in proportion aa Uie 
sounds become higher, and thns assista by increasing the mobility 
of the ligaments. 

We shaU see in a few moments that the rotatory movement* 
which the external fibres of the lateral crico-arytenoid muscles 2:ive 
to the arytenoid, by making the vocal membrane deeper, partly 
counteracts the above effect, and produces the chest-register. 

The crico-thyroid muscle, ou the contrary, is a powerful auxiliary 
^^ the elevation of the voice. This muscle, which at the same time 

* Auotber ^ortioa of the thyro-arytenoid muscle 



causes the thyroid to come forwards apd downwards, ^givef iiji^^ a 

(Hiechanical tension, feot' only in the vocal ligament, but even in the 
yrbole. vQcal,iDe«iVi||Yie. The me^^ting the lhjaoiiliAnd>;iiriodid 

cartirages, which wp qau feel by the touch, becomes especiaHy 
jnarlied whei^ the i^);er']^ai«aJU}U# g^Qt^Mim^ proUucta the sounds, 

which takas t^ee e« we httte seen fct the'notes: dot, re, ^=^E^= 

in thq chest-register, axi^4 ^M^^.oolj^js abQT£ ipr tlnnit ol.i|h6ibead |i with 
this differ^nc^^ ^^vey^. jthajt. fof th^ latt^c u. mmt rigmm and 
complete c|opn»MPn necfssaj^* ..i n -/..m, i 

Let us now see what we j;D8y l^ara from th^ sensations we feel in 
the vocal organ. When we produce a chest- note, the least attention 
enables us to distinguish a "pinching'* at the piMerior pajt of the 
glottis, which becomes more vigorous as the notes ascend. This 
pinching s^ems to be formied by c^t,ca{iion oi" Uie depth of^he.tourh- 
ine sormcesj ami. ipay b^oioaie vejrj- painful ^ ^hUst the notttibf fid^ 
setto, when higher than chest ones, give ^fimpayatlrelyigwtthirslirf'to 
tiiis part, and the suifaoes in contact seem to have become thinner. 

If we combine these sensations wiFh the different remarks which 
have been furnished to us by the examitrttion- of the 'mnsdss, Wa 
Qon ^ the particular meehanism of each registiejc 

" • ' ' ; ; Chest Register/ ' ., " ; ' ' 
' In fact, when the arytenoid muscles have brought in contact the 
arytenoid cartila^s, and closed the glottis, the voice may take two 
very different characters ; nay, more, it will be produced in pitches 
widely apart from one another, and will give forth the chest, or 
falsetto registers, according as the fibres of the thyro-arvtenoid 
aUachfd: m tba Tooal nprnbtfane-ave- di^ not; 3y the action 
of^lhm fihvesy as wa hM'jieeii^'tliii UusoIe'Midea liierVciettl'mem* 
branew aad makes its appcrthltr :part'Mlll«i*: tlplihreas the lateral 
crico^arytemiid giv&s a rotatory moMemelikt to the -cartilage, which 
brings the apophyses into deep contact. This deep contact, which 
continueij even after the apophyses no longer partake in the vibra- 
tions, gives a deep tension to the mcmbralies, increases the depth of 
th^r contact*, and, a& a necessary consequence, augments the xc- 
*u . — ^ idr.' ' Rta to thfc ^tm triM9iiM»!M 



thajt wemtlrihnkr fhe li»rttmtioii 6f tbe'tUMt^l^giM^r; so^VlfttiQce'Kjr*, 

its particular amplitude. To it^wcattiibtttc' ^so the sldi^ncsi m 
the beats of the glottis, and the conset^eht^loW pitch of th^ 'sotMd^; ' 
a pitch which, even in the highest tenor voice*, ^S at Ickst W OcdtT€ 
lower. th^A' the .head notes of ordinary soprani. ' ^ •' ' 

• • Register of Fahetio, 

VfY^iii, on th^, cpn^f^ry, the external fibres of the lateral ciico% 
arytenoid muscle remain inactive, we produce the falsetto. The i 
lips of the glottis, stretched by the horizontal bundle of the thyro- 
arytenoid, come in contact by tlieif edge alone, formed at once by./' 
the ligament i^p^ the apc^hyse^j^an^ .9^^ little^ jeajs^npe tp, the < • 

weakness 6f t]i^ sounds r <A J :;u. Jd<> ^noi-. -i^i/.o 

thai ftfiiit we fed the pioching of which j^e.have »qken. 
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M, Qatcoi on the Human Voice. '229 
^Biit ^ 'i^di^ ais we*'raich U^ue SQwd do, the jbe^jto m pamfiuoBd kf 

ijtibeiHgtfm«nte <etoltaM!fti5^r afid'WefbflVcr attained ^he head-register. 
-H is efftaia* m wd miy^^aee fr&'m'the moveibent of the ligaments, 
that then the vocal, membrane is raisi^d by the action of the fibres of 
the thyro-ary tenoid muscje, and its s^urface is diminished to an edge ; 
but we think that the external fibres of the lateral crico-arytenoid, 
which would prevent this movement, remain inactive. Then also 
the very decided tension, which the crico-thyroid muscle effects on 
the vocal tendons,and which accelerates their movements, takes place. 
.1 DDtiagnthe} dMMt-vegklel', '>tltdrefore, the Vocal fip;aments are 
afattftcbttd/aad are ka toitttiigt %o^ aii 'extexit coritesponding ivith the 
dept& of ]tbe antemor apophyses of the arytenoid, whust in the 
felsetto the edges alone of the ligaments are stretched and apposed; 
in both cases the sounds being formed, not by the actual vibrations 
of either the whole or part of the tendons, but by the successive 
expiosiouB which they allow. 

.UotU, naWr. js twitiXWWks on tiie manner in which the voice ie 
formed, we have only referred to the rigidity of the erlottis, a rigidity 
necessaiy to accomplish the 1056 vibrations in one second*, which 
form the do of the chest-voice, and to accomplish the double number 

vblchpjrecjjaees the octere'^Te in tiie head-toieei There is, notwith* 
standing, apQ^ier ii^diaipeiisAble element for the production of vocal 

sounds, the pressure of the air. Pressure, as is well known, developes 
an elastic force in thtj agent, in a degree inverse to the volume 
which it occupies. It is by means of this power that the intensity 
of the sounds is obtai/ied* The intensity of the sound can only de« 
pend on the quantity ofiaiC; which, goes to t^h iharp esplbsion. I 
sfty M^arp ezplosioDi a9 nniiMpiefls mmSii&m : - the glottis should 
dpa^ ltaStt,^^fi§^^\9iSlS^}fi^ for if tbe air found a oon- 

s^nfe passage, in the noteaipf- falsetto, then the greatest move- 
ments of tl^ glottic, an4ilhe!9Ceateat waste of air^ would produce 
precisely the weakest iiote?. To reject this theory would be to 
attribute the intensity of the sound to the extent of the vibrations 
accomplished by the lips of the glottis, and to suppose that these 
lips, esu^li^ taken sejMiiigately, po&segs the power of producing sounds, 

sun20^tio^S;qui^e Qoptrary t9iifhe.£M 

yb^,^fi^ ,iQfq^ jQf t^et*eiri«rjsear'jiofe onljr from the co i pree sro n 
of the lungs, but also from -t^e. oooatractions tbe trachea, which 
adjusts its calibre to the difiTerent.dij^ensifSps of the glottis. It is 

by means of this force that the air conquers the continually-in- 
crensing obstacle presented by the lips of the glottis when they 
produce sounds more and more intense. '' 

Thus the problem of th^ elevation of the voice, always complicated 
with that of ite intensity, io order to be complete,, ought to show 
thi'lAyfi^etibd'^McB'^WlVe^^ lips of the 

^^^'Hk^'^eJme tgWt m', iiirthe number of the 

expIoBions obtained. As a conSSs^^te^! We may staU 't^ the 

''''4i>¥otiUt;>Ay.^^ue!' ill pag; 77. ' 



greater pressure ot air neceBeary to produce the greater intensity, 
irould at the same time increase the number of pulaations, and so 
raise the tone ; but to prevent tfab, the (^ottis must at the samtf 
time be lengthened, and vice tfersd ; or. In other words, that the dil- 
ferent lengSis of the glottis can, under different degrees of presMire, 
produce the same number of shocks, but at dt&rent degrees of 
intensity. 

Of thp Qualities o f fhr Voter. 

Various .simultaneous causes modify the qualities of the voice : — 
1, according m the glottis partially or entirely closes the passage 
between the explosions, it produces veiled or brilliant sounds ; 2, the 
tube which surmounts and surrounds it also greatly affects the 
quality of the voted ; by its contractions it gives brilliancy to it and 
its widening volume ; 3, the epiglottis also plays a very important 
part, for every time that it lowers itself, ai)d nearly closes the orifice 
of the larynx, the voice gains in brilliancy ; and when, on the other 
hand, it is drawn up, the voice immediately becomes veiled. 



ROYAL INSTITUTION OF GREAT BillTAIX. 

June 1, 1856. — "On the Currents of the Ley den Battery." By 
Professor Tyndall, F.R.S. 

In our conceptions and leasoninga regarding the foioes of natnrfe, 
we perpetually make use of sym&ls, which, when they possess a 
high representative value, we dignify with the name of theories. 
We observe, for example, heat propagating itself through a bar of 
metal, aud lielj^ ourselves to a conception of tho ]irorpss by com- 
paring it witli water percolating' through sand, or travelling by 
capillary attraction through a lump of sugar. In ;?ome such way 
we arrive at what is called the material theory of heat. The thing 
seen is thus applied to the interpretation of the thuog .unseen, and 
the longing of the human mind to rest upon a satisfactory reason, is 
in some measure satisfied. So also as regards the subject of the 
present evening's discourse ; we are not content with the ihere facts 
of electricity ; we wish to look behind the fact, and, prompted by 
certain analogies, we n scribe electrical phcenomcna to the action of a 
peculiar fluid. Such conceptions have their advantages and their 
disadvantages : they afford peaceful lodging to the intellect for a 
time, but they also circumscribe it; and by and by, when the mind 
has grown too large for its mansion, it often finds a difficmlty i& 
breaking down the walls of what has become its prison instead of 
its home. Thus, at the present day, the man who would cross the 
bounds which at present limit our knowledge of electricity and 
magnetism finds it a work of extreme difficulty to regard facts In 
their simplicity, or to rid them of tliosc liypothctical adornments 
with which common consent has long invested them. 

But though such is the experience of the earnest student of 
Natural Philosophy at the present — though he may be compelled to 
refuse his assent to the prevalent theoretic notions, he may nei^- 
theless advantageously make nse of the language 6f theto theories in 
hriuging the facts of a science before a public audieiice; aiid 'ili 
speaking of electricity, die speaker imi3edfaiinfleif«i .the eouriaiileflt 
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hypothesis of two fluids, without at all professing a belief in their 
existence. A Lt ytkm jar was charged. The interior of the jar 
might be figured as covered with a layer of positive electricity, and 
the exterior by a liyer of negatbe eleotrieitf ; which two electri- 
eitici» notwithataaduig their nmtiMl aMraction, were prereDttd 
Irom raUung together bf the gleae betweea them. When the 
exterior and interior coating are united by a conducting body, 
fluids move throngh the conductor and unite ; thus producing what 
18 called nn electric current. The mysterious agent which we dnrkly 
recognise under this symbol is capable of producing wonderful 
effects ; but one of its most miraculous characteristics is its power 
ai arousing a transitory current in a conductor placed near it. The 
phsenomeiift of voltaio induetion are well known ; and it ia interait- 
ing to Inquire whether fncttonal eleotrieity pioducea analogooa 
pheenomeno. This question has been examined by Dr. Henry, and 
still more recently by that able and experienced electrioian M. Itieaa. 
of Berlin. 

A wooden cylinder was taken, round which two copper wires, 
each 75 feet in length, were wound ; both wires being placed upon 
a surface of gutta-percha, and kept perfectly insulated from each 
other. The ends of one of these wires were connected with a 
universal disoharger, whose knobe were placed witlun a quarter pi 
an inch of each other ; when the current of a Leyden battery was 
eent through tlie other wire, a secondary current was aroused ki 
that connected with the discharger, which announced itself by a 
brilliant spark across the space separating the two knobs. 

The wires here used were covered externally with a sheet of 
gutta-percha ; and lest it should be supposed that a portion of the 
electricity of the battery had sprung from one wire to ^e other, 
two flat discs were taken. Eatik disc contained 75 fest of copper 
wire, wound in tiie form of a flat apiral, the successive convolutions 
of which were about two lines apart. One disc was placed upon 
the other one, the wire being po coiled that the convolutions of each 
disc constituted, so to eay, the impress of those of the other, and 
the coils were separated from each other by a plate of varnished 
glass. The ends of one spiral were connected with the universal 
disoharger, between whose knobs a ^thtn platinun wire, 10 inches 
lei^, waa stretched. When the currant of the Leyden battery was 
■ent through the other spiral, the secondary current, evoked in the 
former, passed through the thin wire, and burnt it uj) with brilliant 
deflagration. A pair of spirah were next placed 6 inches apart, 
and a battery was discharjjed through one of them; the current 
aroused in the other was suthcient to deflagrate a thin platinum wire 
4 inches in length. 

We have every reascm to suppose that the secondary current thus 
deiilaped is of the ssme nature as the primary which produced iti 
and hence we may infer, that if we conduct the secondary awiqr 
and carry it through a second spiral, it, \n its turn, will act the 
part of a primary, and evoke a tertiary current in a spiral brought 
near it. This waa illustrated by experiment. First, two spirals 
w^e placed opposite to each other, through one of which the cur* 
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•Itenbol'te Mtery was tu beeoot; tk& other vraa thabanyiriiiohitiie 
MOBodMf «iimdl' mam t» beMnaedL t< Tlid tfiii^efafU Ibfttenvflre 
•DoniKpted by wifes villi » 4liud'«|qF)iikplMfifbalf» d»tailite, toilfeftt 

ivhen the secondary cun-ent .taar«K<Blfcd)it pMai|ft thvough tlb* third 
•pivBk > Ufuieilieidk- bhe latter^ and sepfloitcdifrom ibl^^aiahtet of 

mrnifhed ^Ims, wa? a fourth sj^iral, whose two erids ^^'ere connected 
with, the universal discharger, between the knobH of which, a qua&tily 
of gun-cotton \\^s placed. ' When the battery was discharged 
through the iirst epkol, a wcxiodary curnent Wtis ufou^ed. ia the 
aecond ^ptmlii Wbioh floniilBted ks oiiiraik {by |)BfiBingiihi»li|;biAbe 
.^bd ifienJav bfw /the >mxmiikrf .^<ite4 mpai. ito-qaiiid'.iiMid€i<aflttli» 
devdopAd a tertiary > current which /Mra» «tffin6ntly stBD^ftOufM 
bokween the knobs^^and to igpite the guoMOoMiin: io it&^teage. . It 
was ahown that we mii^ht proceed in this wnyiandcaote the tertiary 
to excite a current of tiie fourtii order, thoiliattsr a current of the 
fifth order, and so on; these children, grandchildren, and great 
grandchildren of the primary being capable of producing all the 
eflfectB of their wo»4w3W f>Wlgsw!^)r^u v . \ :!!/// 

llie phnnomena of the exiru cwrrent, which exists for an Insfauit 
contemporaneously with the ordintb^ currcht ' iii common yoltaie 
Ihpiral. wel[<e next«khibited; atikd tfheqnestion ^v9leth^riai8^ihd thibj^h 
which a Leyden battery was di^cliarged 'exhibited any similar 
phsenomenn, was submitted to examination. It was proved, that the 
electric discharge depended upon the shape of the circuit through 
which it pa«eed : when two portions of such a circuit are brought 
AMff teh othey, 80 the positive ^leetrieity parses in the same 
-dbectiAii "through both of .thdi, 'tftife eflboi'f«i<hst^ illM^ discharge is 
ilftftor thAtt if sent thitmgh d stMugiit ^v4ro»r if/'on the contrary, the 
current flow through both portions in opjxislte directions, the 
discharge? is stronger than if it had passed through a straight wire. 
A flat s})iral was taken, containing 75 feet of copper wire; one end 
of the spiral was connected with a knob of the universal discharger, 
and the other knob was connected with tlie earth: between the knobs 
of the discharger aboikt'4' inched of' platinum wine 'were stretched; 
• on connecting the otkcfr end^tf 't1le'«pM wHAi th^bttttery, a ditohaige 
pasted through it of '8ii«hi< a strength- Ibat it>wai# ^t^wiAble to 
raise the pktinum Wire to tlie fainteM^owi' "llHi''iiiiMi<lengthbf 
copper wire was then bent to and fro in a zigzag manner, so that on 
every two adjacent legs of the zigzag the current from the battery 
flowed in opposite directions. When these 75 feet of wire were 
interposed between the battery and the platinuai wire, a discharge 
precisely equld to thatiisMin the former iiistiate, raised idto'ilati* 
imm wive to, a high stMe^'«f inemideiteltee) 'Oad^ ittMd eonwilie 
made to destroy it ekogister; >> < =^ it 

When a'primaryand a secondaryipinl /Are pinwMi'oppttitteito 
each other, a peculiar reaction of the secondary upon the prhm^y 
is observed, if the ends of a secondary (SO feet long) be conoected 
by a thick wire, the eff^ect upon the primary current is the same as 
when the ends of the secondary remain whoUy unconneoted. If 
the ends pf the secondary be joined by a long, thin platiiiiim<wiise» 
the reection of the secondary is •Bckiaii. ta> ifgiiffblil- . yrjronry^ 
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I This enfceblement increases up to u certain limit as the resistance is 
:;increa9ed, from which forwards it diminlslu ^i until it becomes insen- 
i rible. This would appear «<5 prove, that to react upon the primary 
. tiue secondary reqaivee to be retarded ^ and that the greater the 
^unont of the vetlkiiGlation. uphtoia^-ettMiin ilnSt^ ttii6'gprdatei} b the 
"enfteUemealv -But \pf iaortuiigi'te 'BMlBtBiies wv diniuisih Hie 
' strength of the^ seooliilnlrf ;:*ad when a certain Ulnift it flttained, this 
I'dBDUliition m first <iOfmpenscited f<A^ by liie-lnfluence of relardatibn, 
'•ftiom which point forn'nrdp i^'ith every increase of the resi'tunco , the 
; enfecblemCTit of the primary is diminished. A primarj- current 
."Vvhich fupes a certain length of platinnrn wire where the ends of the 
'Secondajy are disunited, or where they are united by a thick wire, 

* fails to do so wben> theyare united a tbm wire. But if, instead 
"oftt tlikii«fin« «'body of miithigtertenre4ittBace,rafoohiiiMi of initer 
>lior toampl^ »be fnlttiiaDtd, tiicpliftfiNiili iHilretfsibsetf av bftfiMV. - ' 

XXVIII. InielliffenedandMkedkmeiiMA^ 

TABASHBERiia.»ygaiQW<W|<aw^ iaterior of tbe 

•The altqiition of the <>riental& was first directed to this Bubsteooeliy the 
' writings of tljie Arabian physicians . The, Tv^}ui aad AMibe only know 

• it under the name of Tabasheer, which is of Persian oricrin. In Iiidia 
it has other names, ?uch hs Vedrou-j/aloo ( ijLiinb(jo-inilk), VedroQ*car' 
poorarn (bamboo- campiiur), and Mangii-upoo (baniboo-salt). The 
orientals regard it as one, of the laubt valuable medicines, wialst it 
is only interesting. tci us &om. its being a concretion of silica depo- 
MtediaaiTes^laiUe ii^^^is^Pi y9}i^ch qome^MwiUaiise to the 
hydcopbaneof HfQ^.: r* > <^ \' « . r • 

Towards the end of the last oentaiyj Ma«ie stated tibatftaMIIeer 
.vaa BQibhini; but silica. As, however, Yauquelin fo«nd it to faonfeain 
30 }>er ceiit. of potash and lime, Macie's determination was re^rded 
..'^th doubt. Brewster bns examined its optical aJid physical propertic?. 
The author has received a quantity of this substance from Frofes^r 
\ Uoyie, aad&uhwitted it u^^dui to audiysiii, i'iie analysis gave-«i - 
n 1 ?• «>'^ , 1 ^liea •*.♦.•• •«/».«.•. i 4. p • 8$.'!94^" * '.i" ' • . 

ytytK ' Or^nio matter .M'.-W4 .* 'trao©» ) 

.ftj rTabwhetr is Wi^p^eQ^^ trantpacebt, and sometimes perfeetly 
^(^pake. . Wbea immersed in wftter a quantity lOf air-b«hbles escape 
from it, and it becomes more transparent j bydropEane behaves in 
the same maimer. When eomftleliely saturated with. wat^. its spec, 

ygTAY* is as follows ;Tr* - " • -■■••y.-'t ^ ; •. h-. 

hji. 2^156, Macie; ^2'1"69, Cavendiaii j i2 05d to 2-4.12, Brewster? 
es .ijs* s>di Jsi lu-^in-) "{amil'SiHB, Qiiibala£b'> / «f j"" • 
U mte4gdHahef^ltalweighed>iifte0{«o^ iH 'Milty it-iri^fotnid to 
«ter«v«iMiv/^Mn ! Hi im^^U' IMoMtidiilt^ pair forward 



Weight. lapffwtfl to, Alwet ytii t 

Made • • . . 75*70 grma« 154*30 gnus* 79*50 gmw. water. 
BrewBter.. 665 .. 14-10 7-45 
Chubourt. . 2*526 . . 5*224 . « 2 695 

If we calculate from these numbers the density of the porous 
tabafiheer, by addinii; the weight of the absorbed water (by which 
the volume of the jjores is determiiied) to the loss of weight under- 
' gone by the body in water (which gives the volume of the solid 
matter), and then divide the sum by the weight of the dry body» 
80 as to obtidn the deiuity of the poroua body in the nadural itate, 
we get 0*727» 0*6227. 0*6520. 

But the tabasheers are heavier than water *» they sink in it imme- 
diately, and have consequently a greater specific gravity than that 
thus calculated. The author shows lh:\t Brewster observed this con- 
tradiction, but without troubling himself about tiie cause, determined 
the spaee occupied by the silica and the pores from this incorrect 
specific gravity, so that the space occupied by the pores in propor- 
tion to that filled by the silica was, accordiug to him« as 2*307 : 1 ; 
whilst, from the author's experiments upon the natural dezisity of 
tabasheer, it appears that this proportion is 0*0689 : 1, which agrees 
with the behaviour of the body, in water. 

Tabasheer which has been completely permeated by water and 
become transj^arent, becomes perfectly opake in the air. This be- 
haviour, which Brewster believed to occur only with tiiis body, in- 
duced him to set up a peculiar theory upon the small refractive 
power ui this subslunce, which he found to be less tiiau that oi any 
oUier known body. But without taking inao coneideration that the 
number 976*10, which Brewster adopted for the refractive power of 
tabasheer, is too small, as the author calculates it at 1500*5, we must 
also take into account the opacity whioh is pecnliar to the moleailar 
state of this substance. 

Tabasheer is evidently a mass produced from a jelly by desicca- 
tion. To obtain an insight into its production, the autlior has inves- 
tigated the inorganic constituents of the bamboo. The ^mall quan- 
tity oi pith which is seen when a bamboo is split longitudiuttiiy, con- 
tains iron, potash, lime and nlion. The aahes <^tlie woodoonist of-— 

SohiUe salts. | Insohible salts. 

—'--^ ' Phosphate of lime. , 0*0928 

Phosphate of iron.. 00130 

Silica 0-0408 

Loss 0 0371 • 



Carbonate of potash. . 1*9872 

Sulphate of potash . . 0*2905 
Phosphate of potash. . 01593 
Chloride of potassium. 0 0766 
SiUoa 00204 



0*1837 



2-5340 

The author found that the silica occurred in different quantities 
in diiiereut parts of the cane. The pith contained 0'448 per cent. 
The inner wood held much less, and the greatest proportion occurred 
in the external wood* Consequently, the author tblaka the forma- > 
tibn of tabasheer is easily explained in the foBo wing manner : at the 
time when the straw is developed, the outer wood has no Icfnger any 
necessity for silica, which is carried inwards and deposited in the 
cavity ^ the straw.— /ottm. de Fkmm* injL jaivii* 64 and^dftS* 
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NOTE ON THE INFLAMMABILITY OP HTDEOGEN. ' ' 

BT M. BAUDRIMONT. 

It is said by licrztliub and others, that hydrogen prepared ia the 
dry way does not pofluss the property of inflaming by contact with 
spongy platinum r this phsenomenon, fint indicated by Faraday, 
hating bieen attributed by Berzelius to an allotropic condition of the 
hydrogen, we have tiiongbt it worth while to repeat the experiment. 
For this purpose vapour of water M'n?^ decomposed by red-hot iron, 
and the hydrogen thus produced (^^ llich is that said to be prepared 
in the dry way) was directed uj)on spongy platinum, which, as we had 
ascertained, possessed the power of igniting the ordinary gas. We 
then found that it also inflamed the gas obtained from the vapour of 
water. On collecting some of thie same gas in a bottle with a ground 
glass stopper, and afterwards driring it out by means of a current of 
water, so as to direct it upon a small mass of spongy platinttm, the 
hydrogen was again ignited. If, therefore, this gas may acquire 
various allotropic ronditions, these cannot be proved by the fnct ad« 
vaiH rcl hy 1 ai u lay, and which we have not been able to realise^— 
Compies Kendus, August 5, 1855, p. 177* 



MET£OROLOQICAL OUSERVATIONS FOR JULY 1855. 

CSIIii9le^.-»JtiIy 1. Very fine. 2. Heavy cloudt : slight nda. 3, 4. Tiny fine. 

5. Clear : hot md dry. 6. Foggy: very fine. 7, 8. Very fine. 9. Hazy: very 
fine : thunder, lightuing and rain at night. 10. Fine : cloudy : very fine. 11. Con- 
btant and very heavy rain from early in the morning till night. 12, 13. Very fine. 
14. Cloudy: very fine. 15. Cloudy and fine: rain. 16. Cluudy: heavy rain at night. 
17. Fine: cloudy. 18. Very fine. 19. Rain. 20. Yen,' fine. 21, Exceedingly 
fine. 22. Very fine. 23. Slight fog : sultry : rain. 24. Rain : cloudy. 25. Rain. 
M. Denely overcatt : coutant andToiy hes^ Tain. 27. Chereast : heavy clouds 
and showers. 28. Cloudy : heavy showers. 29. Very fine. 30. Shght haze : very 
line: overcast : rain at night. 31. Heavy rain : sliowery : clear and fine at ni ^h tr 

Mcau temperature of the mouth 62^*99 

Mean temperature of July 1854 61 *59 

Mean temperature of July for the Istt tweatf^^OM year* ... 63 -12 

Average amount of rain in July ,....t«*.«.*«*«. 2*428 inches. 

Ifo«to)i.-^u1y 1—4. Fine, ft— 7. Cloudy. 8. Vine. 9. Cloudy. 10,11. 
Cloudy: rain a.m. 12. Fine. 13. Cloudy. 14. Rain and hail a.m. 15. Fine. 
16,17. Cloudy: rain a.m. and p.m. 18. Cloudy. 19,20. Cloudy: rain, with 
thunder a.m. and p.m. 21 — 23. Cloudy. 24, 25. Rain a.m. and p.m. 26. Fine : 
iainF.11. 27. Cloudy: rain rat. 28. Tine: rainF.M. 28,30. Roe. 31. Bam 
4^.M. and p.m. 

Satidwick Name, Orkney. — July 1, Damp a.m. : showers p.m. 2. Showers a.m. : 
drops P.M. 3. Rain a.m. : damp p.m. 4. Bright a.m. : doudy p.m. 5. Cloudy 
A*M. : fog p.m. G. Bright* fine a.m. : dear, fine p.m. 7. Bright» floe am, and 
POf. 8. Bright, fine a.m. ; clear, fine p.m. 9. Clear, fine a.m. : vapour, fine p.m. 
10. Hazy a.m.: clear, fine p.m. 11. Fine a.m. and p.m. 12. Bright, fine a.m. : 
fine, fog P.M. 13. Fog a.m. : flne, fog p.m. 14. Fog a.m.; thunder showers, fog 
p.m. 15. Fog A.M.: showers p.m. 1G. Rain a.m.: showers p.m. 17. Damp a.m. : 
cloudy r.M. 18. Cloudy a.m. and p.m. 19. Bright a.m. : hazy, fine p.m. 20. 
Bright A.M. : dear, fiue p.m. 21. Clear a.m. : drops p.m. 22. Cloudy a.m. and 
IVM. 93. Cloiuiy A^ : showers p.m. 24. Bright a.m.: fine, fog p.m. 25. dondy 
A.M.: fine, fog p.m. 26. Rain a.m. : fog p.m. 27. Rain, fog a.m. : showers, 
thunder and hghtning, elm p.m. 28. Bright a.m. : fine, drops pjk. 29. Rain 
A.M. : damp tm» SO. Cloudy^AJi. : fine, vapour p.m. 31. Cbudy a.m. : fine p.m. 
Mean teipperatttre of July for twenty«eight pwvions yean . 55°-08 

Mean temperature of this month 59 '19 

Mean temperature of July 1854 55 *25 

Atenge quantity of lain in July lior fifteen pieito 2-41in€faei, 
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XXIX. On « new and advaniaaeauB Method of preparing AJu^ 
mbdum* By H. RotXj Frojeeeor of Chemdry tn the Unker* 
nty of BerUn>^» 

SINCE the discovery of aluminium by Wohler, Deville has re- 
oemUy taught us the means of proeming this metal in large 
Bolid masses, in which condition it exhibits properties with which 
we were previooBly unacquainted in its more pulverulent form as 
procured by Womer^s method. While, fior instance^ in the latter 
state it burns vividly to white earthy alumina on being ignited^ 
the fused globules may be heated to redness without being per* 
ceptibly oxidized. These differences may be ascribed to the 
greater amount of division on the one hand and of density on 
the other. According to Deville, however, Wohlcr's metal ccm- 
tains platina, by which he explains its difficulty olr. fusion 
(although it affords white alnmina by combustion). 

Upon the publication (^f Diiville's researches, I also tried to 
procui-c alummium by the decomposition of the chloride of alu- 
minium and sodium by means of sodium. I did not follow 
exactly the method of Deville, but placed the salt in alternate 
layers with sodium aud applied heat. I did not, however, obtain 
satisfactory results. 

Moreover, Professor llummelsberg, who iuliowed exactly the 
method of Deville, obtained but a very small product, and found it 
very difficult to prevent the cracking of the glass tube in whidi 
the experiment was conducted bjr the action of the vapour of 
sodium on the chloride of alumimum. It appeared to me that 
a great amount of time, trouble and expense, as well as loujg 
practice, was necessary to obtain even small quantities of this 
remarkable metal. 

* From Poggendorff'& Annakn for September, p. 152. Communicated 
by T. H. Henry, Siq., F.R.8. 

Fm. May, S. 4. Vol. 10. No. 66. Oel. 1855. R 
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The cmj)loymcnt of chloride of aluminium and its eompouuda 
with the chlorides of alkaline metals is particularly inconvenient, 
owing to their volatility, to their deliquescence, and to the neeet* 
nty of pmentiDg aU access of air during their treatmeDt with 
•ooiiim. 

It very soon ocennred to me that it would be better to use the 
fluoride of aliynininra instead of the cUoride^ or rather the com- 
binatioDB of the fluoride with the alkaline fluoridesy sneh as we 
know them through the investigations ni Berzelius, who pointed 
out the strong afbiity of fluoride of aluminium for the fluorides 
of sodium and potassium, and that the mineral occurring in 
nature under the name of kryolite, was a pure compound of fluo- 
ride of aluminium with fluoride of sodium. 

This compound is equally fitted for the preparation of alu- 
minium by means of sodium with the chloride of aluminium, or 
its combination vnth chloride of sodium. Moreover, as kryolite 
is not volatile, is readily reduced to the most minute state of 
division, is free from water and docs not attract moisture from 
the atmosphere, it oflfers peculiar advantages over the above- 
named compounds*. 

In fact, I succeeded with much less trouble in preparing alu- 
minium by exposing it together with sodium to a strong red heat 
in an iron crucible, than by using the chloride of aluminium and 
its compounds. The scarcity of the mineral, however, prevented 
my pursuing the experiments. 

In oonsequence, however, of receiving very recently from Prof. 
KitntB of Bonn a eonaidenble quantity of the purest kryolite ftt 
a venr moderate price {% dollars the kilogramme), I was en- 
abled to renew the ibvestigation. I was particularly stimulated 
by finding most uneipectedly that kryolite was to be obtained 
here in Berlin commercially at an inooncdvablT low price. 

Prof. Krants had already informed me that ne had heard tbat 
kryolite occurred in commerce in bulk, but could not learn where* 
Shortly after, M. Rudely the manager of the chemical works cf 
H. Kunheim, gave me a sample of a white coarse powder^ large 
quantities of which were brought from Greenland by way of 
Copenhagen to Stettin under the name of mineral soda, and at the 
price of t/iree dollars the centner (about 9*. per cwt.). Samples of 
40 lbs. had been sent to the soap-boilers, and a soda ley had been 
extracted from it by means of quicklime, especially adapted to 
the preparation of many kinds of soap, probably from its 0Qn« 
tainiug alumma. 

I found this powder to be kiyolitc, of equal purity to that 
received from M. Kxautz. It dissolved without residue in hy« 

* Dr. Percy also suggested krj'olite as a source of aluminium, and some 
specimens prepared from this mineral were exhibited by Dr. P'nraday at one 
of the Friday evening meetings of the Royal Institution last seuon*— T. H. fi* 
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drochloric aciJ ( in ])latiiia vessels) ; the solution evaporated to 
dryness witk sulpiiunc acid and heated until the excess of acid 
WU duwrnated, gave a residue which dissolved completely in 
water with thft ill of « little hydrochloric acid. From the aofaie 
tbn ammooia nreetpitated a eonndecaUe qoaatitT of almuiuu 
The aolution meni from the pveeipitate toniahedj 
tbtty anddneof adphateof Bodanoefimm]K^^ Mmmtit, 
tiie powder gate tlve weU^known veaetioiiaof flnomie in anurked 
degree. 

This powder is kryolite of great parity ; thetefore, the coarse 
powder I first obtained was not the form in which it is origiBaUj 
introduced. It is now to be obtained in Berlin in great masses ; 
for the preparation of aliiininiinn> however^ it must be reduced 

to a very fine powder. 

Ill my cxperiuiouts on t)ie preparation of this metal, which 
were pertormcd lu com])any with M. Weber and \\ ith his most 
zealou8 assistance, I made nse of small iron crucibles of ]| inch 
in height, and 1^ inch upper diameter, which I had cast here. 
In these I placed the finely-powdered kryolite between thin layers 
of «>dium, pressed it down tight, covered it with a i^ood layer 
of chloride oi potashiuui^ and closed the crucible with a well- 
fitting porcelain cover. 

I found chloride of potassium the most adrantageoui flux to 
employ ; it has tl» hghteat iqiedfic gravity of any which could 
he niM, an im^wrtant fmnt when the aii^t denei&f of Blimd«> 
nimn is taken mto consadention ; it alao increases the fnnbili^ 
of the fluoride of sodinm. I usiudiy employed eqnal weights ot 
kryolite and ehbridfe of potassium, and mr fife paitB of kryolite 
I empiojred two parti of sodium ; the most fittine qnanti^ fe 
tka craciye was found to be 10 grms. of powdbted kryolitcw 
31e whole was raised to a strong red heat, by aaeans of a bhrar* 
pipe supplied with a mixture of atmospheric air and coal-gas, 
through tubes, on the principle of Daniel^s tabe iot the axj* 
hydrogT'Ti bloTrpipc. 

It was touiid most ad\ antageous to maintain the heat for 
about half an hour and not longer, the crucible being kept closely 
covered the whole time ; tlic contents are then found to be well 
fused. When quite cold, the melted mass is removed from the 
crucible by means of a spatula ; this is facilitated by stnkms^ the 
outside witli H hanuiicr. The crucible may be employed several 
tmies ; at last it is broken by ihc blows from the hammer* 

The melted mass is treated with water^ when at times only, a 
r&j niuttte erokition of hydrogen gas is ohsenred, which has 
the anw nnyicaiant odour as the gas evolved dnring the aokdaoa 
of cast iron in muriatic acid. The carbon contained in thia 
is derived from tke wy slight trace of naphtha adhering to the 

B2 
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sodium after drying it. On. aefnont of the difficult soliibilitj of 
the fluoride of itodium, the mass is very abwly acted upon hj 
the wateTj although the uuohibiHty is Bomewhat diminiBned hj 
the presence of the chloride of potassium. After twelve hours 
the mass has become so fiir sonened. that it may be removed 
from the liquid and broken down in a porcelain mortar. Large 
globules of aluminium are then diaooverodf weighing from 0*3 to 
0*4 grm. (5 to 6 grains), which may be separated; latterly I 
have found them of 0*6 grm. (7*7 grs.). 

The smaller globules cannot well be separated from the undo- 
ecnnposed kryolite and the alumina always produced by washingi 
owing to their being specifically lighter than the latter. The 
whole is treated with diluted nitric acid in the cokl ; the alumina 
is not dissolved thereby, but the little i^lobules thentirst assume 
their true metallic lustre. They are dried and rubbed on fine 
silk mushn, the finely-powdered undecompoaed kryolite and 
alumina pass through^ while the globules remain ou the gauze. 

The melted mass should be treated with water in a platinum 
01' silver vessel ; a porcelain capsule would be powerfully acted 
upuu by the fluoride ui dodiiim. The solution, after standing 
till clear, may be evaporated to dryness m a platinum capsule in 
order to obtain the duondc of sodium, mixed, however, with 
much chloride of potassium. 

The small globules of aluminium may be united by fusion in 
a smsll, wdl-covo^d porcelain crucible under a layer of chloride 
of potassium. They cannot be united without a flux. They 
cannot be united by mere fhsion, like globules, of silver for .in- 
stance, for though they do not appear to oxidise on ignition in 
the .air, they become coated with a scaieely perceptible fllm 
4xf oxide .wluch prevents their running together into a mass. 
This fusion with chloride of potassium is always attended with 
a loss of aluminium. A button weighing 3*85 grms.lost, when 
so treated, 0*05 grm. The chloride of potassium when dissolved 
in water, left a small quantity of alumina undissolved, but the 
solution contained n<me. Another portion of the aluminium had 
undoubtedly decomposed chloride of potassium, and a portion of 
chloride of aluminium and chloride of potassium must have been 
volatilized during the iVi^^ion. Other metals, as copper and silver 
behave in a simdar manner. 

I therefore followed the mstructions of Deville, ami melted 
the globules under a stratum of chloride of aluminium and 
sodium in a covered porcelain crucible. The salt was first 
melted, and then the globules of metal added to the melted 
mass. There is no loss, or a very trifling one of a few milli- 
grams of metal, by this process. 

Poggeadorii's Anmlen, vol. Ixviii. p. 287* 
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When the alumininra is fused under chloride of potassium^ its 
surface is not perfectly ?inooth, but exhibits minute concavities; 
with chloride of aliiiiniimiTi and sodium, this is not the case. 

The readiest method of preparing the chloride of alnrainium 
and sodium for this purpose, is by placiugthe mixture of alumina 
and carbon in a glass tube as wide as possible, and in this a 
tube of less diameter, open at both ends, and containing chloride of 
sodium ; if the spot where the mixture is placed be very strongly 
heated, and that where the chloride of sodium is situated more 
moderately, while a current of chlorine is passed through the 
tube^ the vapour of the chloride of aluminium is so eagerly 
absorbed by the chloride of sodittui} that no ehloride of alu« 
mimum^ or at most a trace, is deposited in any othier part of the 
tube. 

' If the smaller tube he weighed before the operation, the amount 
absorbed is readily determined. It is not uniformly oombined 
with the chloride iji sodium, for that part which is nearest to 
the mixture of the charcoal and alumina will be found to have 

absorbed the most. 

I have varied in many ways the process for the preparation 
of aluminium, but in the end have returned to the one described* 
I <^ten placed the sodium at the bottom of the crucible, the 
powdered kryolite above it, and then the chlohde of potassium 
above all. On proceeding in this manner, it was observed that 
much sodium was volatilized, burning with a strong yellow flame, 
which never occurred when the sodium was cut into thin slices 
and placed in alternate layers with the kryolite, in which case 
the process goes on very quietly. When the crucible bcgms to 
get red-hot, the temperature suddenly rises, owing to the com- 
mencement of the decomposition of the compound ; no lowering 
of the temperature should be allowed, but the Ik at should be 
steadily maintained, not longer, however, than half au liour. liy 
prolonging the process a loss would be sustained, owing to the 
action of the chloride of potassium on the aluminium. Nor 
does the size of the globules increase on extending the time even 
to two hours; this e£fect can only be produced by obtaining the 
highest possible temperature. If the process be stopped, how- 
ever, after five or ten minutes of a very strong heat, the produce 
is very smaD, as the metal has not had sufficient time to con- 
glomerate into globules, but is in a pulverulent form and bums 
to alumina during the cooling of the crucible. No advantage 
is gained by mixing the kryolite with a portion of the chloride 
before placing it between the layers of sodium. Neither did 
I increase the product by using the chloride of sodium and 
aluminium to cover the miicture instead of the chloride of 
potaannm. 
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I repeatedly employed chloride of sodium (common salt de- 
crepitated) as a liiix m the absence of cbloride of potassium with- 
out remarking aay important difference in the amount of metal 
produced^ although a higher temperature is required in that case. 

The operation may also be conducted in unglazed onuiiilMQjr 
diffiealUy fmnUe stae-waie U tiie ikbove dimeiiBions, althcnigli 
Hhaj do not lenst the action of fluoride of sodium at very 
bigh temperatura so well^ but fnao in one or more places. The 
iron cruelblee fuBCy however^ when exposed to a very high tem* 
peratnre in a charooal fire. 

The produce in metal was found to Tuy mudi, even when 
operating exactly in the manner recommended, imd with the 
same quantities of the materials. I never succeeded in redudng 
the whole amount of metal contained in the kryolite ; it eon? 
tains only 13 per cent* of aluminium; by operating on 10 grms. 
of the mineral^ the quantity I always employed in the small 
iron crucibles, the most successful result was 0-8 grm. But 0*6 
grm., or even 0*4 grm. may be considered favourable* Many 
times I obtained otiIv 0*3 c:rra., or even less. 

These very ditfcrcnt results depend on various canoes, more 
particularly, however^ upon the degree of heat uhtained. The 
greater the heat, the greater the amount of larger globules, and 
the less amount of minutely divided aluminium to oxidise during 
the cooling of the crucible. I succeeded once or twice in re- 
ducins: nearly the whole of the metal obtained to one single 
button, weighing 0*5 grm. at a very high temperatuie m a stone- 
ware crucible. 

I could not always attain the same heat with the blowpipe, 
as it, depaided in some degree upon the prewure in the gaso* 
meter at the ffas-works, whieh varies at different periods of the 
day* The foUoiriiig experiment will show how great the loss of 
aluminium may be owing to the oxidation of the metal during 
the slow eooling of the crucible and contents* 

In a large iron crucible were placed 85 grms. of kryolite in 
alternate layers with 14 grms. of sodium^ and the whole covered 
with a thick stratum of chlcnride of potassium. The crudble 
closed with a porcelain cover, was placed in a larger earthen one 
also covered, and the whole exposed to a good heat in a draft 
furnace for one hoox, and cooled as slowly as possible. The 
produce in this case was remarkably small, for 0*135 grm. of 
aluminium was all that could be obtained in globules. 

The difference in the n mount reduced depends also in some 
degree on the more or less successful stratification of the sodium 
with the powdered kryolite, as mueh of the latter sometimes 
escapes decomposition. TIk; tireater the amount of awdium 
employed^ the less likely is this to be the case ; however^ 
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owing to the gmt difference in the prioe^ X never employed 
more than 4 gnus, of sodium to 10 gniui» of Ju^olite. In 
order to avoid this loss by oiddfttioa during coolings I tii^d 
anot h(!r method of preparation. 

20 grme. of kryoUte were heati <! intensely in a g^iin -barrel in 
a current of hydrogen, and then the vapour of 8 grms. of sodium 
passed over it. This was effected simply by placing the sodium 
in a little iron tray in a part of the guu-hari'cl, without the fire, 
and pushed forward when the kryoUte had attained the maximum 
temperature. The operation went on very well, the whole being 
allowed to cool in the cm*rciit oi' hydrogen. After the treatment 
with water, in which the fluoride of sodium dissolved very slowly, 
I oblmed a Uack powder, connsting for the most piurt of iron; 
it$ lolutum in hyditschlorio acid gave small evidenoe of alumina., 

Tht RmaU amounti I obtaind^ however^ thould not deter 
ofhen from pursuing theae experiment** llieM are the mults 
of first experiments, on which I have not been able to expend 
mnoh time. Now that krjolite can be procured at so very 
moderate a price, and iodiam« by the improvement in the pre* 
paration of which Deville has performed a most important sw^ 
vice, will in future become so much cheaper, it is in the power 
of every chemist to employ himself in the preparation of alu- 
minium, and T have uo doubt in n short time methods wiU be 
lound aiiordiii^- a iimch more protitable v(3sult. 

Per the rest, i am of opinion tliut kryoiite is the best adapted of 
all the compounds of alurainmui lor the prci)ai'ation of this metal. 
It deserves the preference over chloride of almninium and chlo- 
ride of aluminium and sodium, and it might still be employed with 
great advantage even if its price were to rise considerably. 

The attempts at preparing aluminium direct from aluuuua 
have as yet been unattended with success. Potassium and 
sodium appear only to reduce metoHie oxides when thci potash 
and soda produced are ca|»ble of forming a compound with a 
portion of the oxide remaining as such. Pure potash and soda» 
with whose properties we are very sHghtly acquainted, do not 
appear to be formed in this case. Siuee^ however^ alumina eom* 
bines so readily with the alkalies to form aluininates, one would 
be inelined to believe .that the reduction of alumina by the alka«. 
line metals should succeed. 

But even were it possible to obtain the metal direct from alu- 
mina, it is very probable that kryoiite would long be preferred 
should it remain at a moderate price; for it is furnished by 
nature m a rare state of purity, and the aluminium is combined 
in this substance with sodium and fluorine only, which exercise 
no prejudicial iniiuence on the preparation of the metal, whereas 
alumina is rarely found in nature in the pure statc^ and in 
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a dense and compact condition; and to prepare alumina on 
a lar^ Bmle, freeing it from thow 8ubetanee» whidi-ironld aet 
inpnnously on the preparation of the metal^ would be attended 
with great difficulties. 

The buttons of alnniinium which I have pieiHaed are so mal- 
leable that they may be beaten and rolled out into the finest 
foil without cracking on the edges ; they have a atrong metallic 
lustre. Some small pieces^ not globular^ however, which were 
found at the bottom of the crucible and occasionally adhering to it, 
cracked on being hammered, and were different in colour and 
lustre. Tliey were evidently not so pure as the greater number 
of the globules and contained iron. 

On sawing through a larger button of alaiiiiinuui weighing 
3*8 grras., it could readily be observed that the metal for about 
half a line from the exterior was brittle, while in the interior it 
was soil and malleable ; sometimes the interior of the globules 
contained concavities. 

With Deville I have occasionally obtained the ahiiinniuin 
crystalline. A large button became striated and crystalline on 
the under side on cuuling. Deville behcves he has observed 
regular octahedra, but does not state this positively. Accord- 
ing to my brother's examination^ these crystalline indicaticmado 
not belong to the regular Sona, 

Aa I chanced, on one oceaaion to attempt the fusion of a krge 
button of rather impure aluminium afli^r fattening it out^ wim- 
out a ftax, I obaenred before the heat was sufficient to fiise the 
masB small globules sweating out of the aur&ee. The impure 
aluminium being more infusible than the pure metal^ the latter 
expands on fusing^ and comes to the surface. A similar phse- 
nomenon has been remarked by Schneider with impure bismuth. 

I have mentioned above that kryolite is used under the name 
of mineral soda here in Berlin^ for the preparation of soda-ley, 
w hieh, on account of the alumina it contains, is admirably adapted 
to the manufacture of soap. In fact, powdered kryolite is com- 
pletely decomposed when boiled with quicklime and water. 
The fluoride of calcium formed contains no alumina, which is 
all dissolved in the caustic soda solution, and this, on its sidei, is 
free from fluorine or contains only a very minute trace. 



XXX. On Alloys, By F. CftAcs Caltxrt^ F.CS., M,ILA. of 
Tiain, ^c. ; and Richard Johnson^ M»Ph.8, ManohesUrK 

THERE are few subjects in chemistry which have been less 
examined than alloys, and yet when we reflect on the im- 
portant beiviccs whigh they render to manufactuies and thearts^ 

^ CommimicatedbytheAuthora. 
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we must come to the conclusion thut all informal ion which mny 
throw light on their compobitiun and propertito uiuaL enhauce 
their value and applications. 

Alloys have been made^ up to the present time^ aeoording to 
habit ; and *ihe proportions used to compose them have been the 
lesnlts of arbitrar) judgements^ instead of fixed and detennined 
chemieal proportions. It seemed to ns probable^ that as all the 
eompoanoB of ehemistry vesnlt £rom tiie combination of their 
elements in definite proportions, the same must occur with 
metals operated upon under circumstances which would allow 
them to combine freely. If^ in ordinaiy circumstances^ definite 
compounds are not formed^ it is owing to the presence of an ex-' 
cess of one or more of the metals which ^ter into the composition 
of the alloys, and to the real definite compound being solidified in 
the mn^9 of tlie metal in excess; just in the snme way as when 
bismuth or sulphur nre melted in a ciucil)lc and allowed to cool, 
as we all know, the well-defined cr\ st;i]s of bismuth or sulphur 
are immersed in the excess of bismuth or sulphur which has not 
been able to crystallize. 

We were therefore inclined to believe, that by producing 
alloys havinp; a definite composition, we should point the way to 
much cheaper and better alloys than hitherto ; for there can be 
no doubt that the irregularity oi' the quality of the alloys of 
commerce is owing, not only to an excess of one of the metals, 
but also to a portion of this excess combining with a definite 
alloy and modifying the composition ; thus, if it is a very f usibfe 
metal which is m excess^ it will remain liquid and combme with 
the last portion of the real alloys, and form one which will have 
a difierent composition from that which was formed at first on 
the outside of the mass; whilst, on the contiary, if it is a less 
fusible metal which is used in excess, it will solidify before the 
iiredominant alloy of the mass of the casting and prevent its 
homogeneity. It is to avmd this serious evil that bronze can* 
nons are cooled at the present day shortly after being cast, so 
as to keep the mass as uniform as possible ; nnd the result hag 
been, that instead of having, as formerly, one-third of the bronae 
pieces of ordnance defective, now only about one-tenth are so. 

Before entering into the details of our researches, it is our 
duty to state, that during our experiments^ Messrs. Levol, Rieffel, 
and Joule have published papers on some alloys and amalgams 
having definite proportions. 

The alloys of gold and silver, of gold and copper, and of silver 
and lead, analysed by M. Level, are veiy interesting, and manj 
of them, we have no doubt, are definite compounds, as Aeir 
reapective equivalent proportiona are low ; but aa to diose ana- 
lysed by M. Biefifelj we have doubts as to dieir definite eompo- 
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sition, aa aome of them have tlie foOowing cooititiiiioii i-^ 

1 equivalent of copper, 
4i8 ec^uivalcuts of tin, 

or 

98 equivalents of copper, 
1 equivalent of tin. 

Our oljeot waa not to examine a few iaolated aaaea, or only 
the alloya existing in commeree, but to produeo a great variety 
oi new alloys, in definite proportiona, and to examine their phy« 
aical and chemical properties, &c. 

The first class of alloys which we shall describe is not only 
quite new but highly interestinp:, as being the first alloya which 
hnvp been prepared with iron in definite proportions. It is cer- 
tainly remarkable, considenug the low price of iron, that no 
efforts have been made to alloy tliis useful and cheap metal with 
those of a more expensive nature, such as alloys of iron and tin, 
or iron and copper, &c., which, if effected, would hftVQ given to 
commerce cheaper alloys than those now in use. 

Our primary object in preparing the foUowaig alloys of iron, 
was to rencler this metal less oxidiicable by alloying it witii a inure 
electro-positive metal than iiaclf. We wem convinced that li' wo 
effected this, it would be the most practical method of obtaining 
tiie long-looked for object of diminishing the injm'y which that 
valuablt; metal anvtaina by exposure to the atmosphere ; but we 
were deeeived in our antioipationaj^ for the afllnity of iron for 
oxygen la anch tbat it ia not diminiahed^ except in one eaacL 
when Qombined with potaaaium or aluminium. 

4lhy9 iff Iron neikA Fotagfhm^ 

The firat trial we made eonaiated in heating to a ver^ high 
temperature aome bitartrate of potaah and iron^ mixed with ex* 
eeaa of bitartrate of potaah) the reaolt waa only a melted maaa 
ef carbonate of potaih, with a button of eaat iron^ no doubt 
owing to the fact that the iron^ being in a atate of minute divi* 
lion^ united firat with earbon^ and then waa unable to unite with 
potassium. 

We then made a mixture of fine iron filinga and bitartrate of 
potaah in the following proportiona 

13 equlvB, of iion . . . 336 grs. or 3 eq[uivB. of iron^ 
8 equiva. bitartrate of potash, 1504 2 potassium; 

with a view to jnodiu e an alloy having the composition of the 
sesquioxide, and submitted the mixture to a high temperature 
in a crucible, and obtained a large button, which waa found on 
aua^yiia to be oompoaed aa iuiiowa . . 



Iron r4'<j0 

Potassium . . . 25*40 

100-00 

which leads to the following formula ^ 4, 

4 equiyaleutB of uon • 11% « 74flf 

I equivalent of potaasium . . 89 s 25*88 

I5T = 100 00 

Therefore, instead of obtaining an alloy having the detinite 
proportions we had employed, we obtained one containing much 
more iron. This alloy had all the appcaranee of malleable iron, 
and could be forged and welded; but what w^as very extraordinary, 
and which much surprised us, was its extreme hardness, so much 
80 that at natural temperatures it w as hardly dented when ham- 
mered with a heavy sledge hammer, and was barely aiiccted by the 
file; and what was not less interesting, was, that although this 
alloy contained upwards of 25 per cent, of potassium, or one of the 
most powerful dectro-positive substancesi still the iron of the 
alloy oxidized rapidly in the atmosphere and under water* It it 
certainly to be much regretted that such is the result ; for if, by 
alloying with a metal more electro-positive than itself, we had 
succeeded in obtaining an alloy of iron not oxidisable, we should 
have discovered a most valuable fact for manufactures, and one 
which has occupied so deeply the thoughts of all those connected 
with such improvementa. 

We made another expeiunent with the same proportions of 
bitartrate of potash and iron, only we added some charftOal 
finely pulveriaed, and obtained the following result :— 

Iron 81-42 

Potassium . • . 18-58 

100*00 

which leads to the formula 

6 equivalents of iron • • • 168 or 81*16 
1 equivalent of potassium • « 89 18*84 

20r ... 100*00 

We are led to think that this alloy contained an excess of iron, 
for there was on its surface a thin layer of cast iron ; and althoup:h 
we filed it off as carefully as possible, still no duubl some oi' it 
had introduced itselt into the mass. Aa this alloy presented all 
the properties of the former, we shall not enter into details re- 
specting it. WitJi the view of obtaining this alloy, if possible, 
by a cheaper process, we sabmitted for several hours to an intense 
heat a miztniB of fine iron filings with a quantity of oAmtU 
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of potashj oontaining as maoh potattitun «a exists in the bitar- 
irate used m the previous expenmenta^ op— 

336 of iron, 

552 of pure carbonate of potash^ 
but no results were obttuned. 

Alloys of Iran and Aluminium^ 

We were induced to malce a great many experiments to pro- 
duce these new alloys^ in ccmsequenoe of the remarkable propn ties 
which aluminium possesses^ as discovered by M. St. Clair Deville; 
and what increased our desire was, that we hoped they would 

not only present useful properties, but might be the means 
of obtaining aluminium cheaper than by the process akeady 
discovered. 

We shall not describe all the fruitless essays we made, but 
shall confine our observations only to those which gave us satis- 
factory results. 

The first aiioy of aluminium and iron was obtained by heating 
to a white heat, for two hours, the follow in mixture:— 

8 equivalents of chloride of aluminium . 1076 
40 equivalents of fine iron filings • . . 1120 0 
8 equivalents of lime 224*0 

The lime was added to the mixture with the view of removing 
the chlorine from the chloride of aluminium, so as to liberate 
the metal aluminium : by forming a fusible chloride of calcium, 
and subtracting the lime ft'om the above proportions, we ought 
to have obtained an alloy having the composition of-^ 

1 equivalent of aluminium . • 14 » 9*09 
5 equivalents of iron • • • . 140 = 90*91 

IBI = 100-00 

whilst the alloy which we found at the bottom of the crucible 
was composed of 100 parts as follows 

Aluminium • . • • 1200 
Iron 8800 

10000 

which leads to the following formula : — 

1 equivalent of aluminium . 11*11 
4 equivalents of iron . . • 88 89 

100*00 

This alloy, as it will be remarked, has the same compootioii 
aa one ol those of potassinm and iioDi and, like it, it was ex* 
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tremely hard, and rusted when exposed to a damp atmosphere; 
still it could be forged and welded. 

We obtamed a smular alloy on adding to the above mixture 
some very finely-pulverized charcoal, and submitting the whole 
to a high temperatuie in a forge furnace for two hoars* This 
alloy gave on malyais tiie following compositioa 

Aluminium • * • 87*91 
Iron 12-09 

100-00 

But in the mass of chloride of calciam and charcoal remaining 
ID the crucible, there weie.a great number of globules varying 
in size from that of a large pes to that of a pin-head. These 
globules were as white as silver, extremely hard ; and what ren- 
dered this alloy particularly interesting, was the property which 
it possessed of not rusting when exposed to a moist atmosphere, 
or even to hyponitric fumes ; its analysis gave these results on 
100 parts:— 

Aluminiam • • . 24*55 
Iron 75*45 



100 00 ' 

whieh oorrespond to 

2 equivalents uf aluminium . . 28 = 25 00 

3 equivalents of iron .... 84 = 75 00 

m » 100-00 

Therefore this alloy has the same composition as alumina, the 
iron talcing the place of the oxygen which exists in the latter. 

We treated these globules with weak sulphuric acid, which 
removed the iron mul left the globules of aluminium; these had 
exactly the same form as before removinij; the iron, and the alu- 
minium thus obtained had all the properties which have been 
ascribed to that cunuus metal. 

We have made trials with the following mixture, but although 
they have yielded results, still they are not sufficiently satisfactory 
for us to describe in this paper, which is the first of a series we 
intend publishing on alloys 

Kaolin or silicate of alumina * • 1750 parts/ 
Chloride of sodium . • . . • 1200 
Iron • . , . 875 

This mixture has yielded a metallic mass and globules. 
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Alloys of Aluminium and Coj>prr. 

To obtain these alloys, we had recourse to the same chemical 
reaction as we employed to prepare those of iron, namely^— 

20 equivalents of copper 640 

8 equivalents of chloride of alumiiiiiiia • 1076 
10 equivalents of lime ....... 280 

We mixed these substances intimately together^ and after 
having submitted them to a high temperature for one hour, we 
found at the bottom of the crucible a melted mass covered with 
chloride of copper, rtkI in t1iis mass small globules, which on 
analysis gave the foUowmg results • 

Copper . . • • 91 '58 
Aluminium . • . 8*47 

10000 

which cbrrespo&d with the formula 

5 equivalents of copper . . 160 s 91'9d»* 
1 equivalent of aluminium . 14 = 8'l4i 

174 = 100-00 

We made another mixture of chloride of aluminium and cop- 
per in the proportions ab()\ c stated, but left out the lime ; we 
also obtained an alloy, which yielded the following results :— * 

Copper .... 87-18 
Aluminium . . . 12-82 

10000 

which lead to the formula : — 

6 equivalents of copper , . 96 = 87*27 
1 equivalent of aluminium 14 = 12-73 

lio mz 10000 

AUoift of Iron and Zinc* 

We also analysed a deposit iormed constantly at the bottom 
of a metallic bath, com^sed of melted zinc and tin« end whifik 
is used for galvanizing iron. This dcpoflit milowid to beMiP 

Iron 6*06 

Zine . . % • . 93*94 

which eonebponds with the ibmuk:-^ 

1 eqmvalentof iron ... 28 » 6*79 
12 equivalentB of zinc ... 884 as 93*21 
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This alloy had not the lamellar appearance of nnc, but a cry- 
stalline one, and was extremely hard and slightly fnsible. W0 ' 
thought, perhaps, that the bath was saturated with iron, whicii 
had combined with the sine and had gradually dcposited« Wa 
BOQordingly took some of the melted alloy of sine and tin in 
various parts of the bath and examined them, but found only 
traces of iron. It is certainly remarkable that the iron does not 
remain diffused in the metallic bath, which is constantly kept in 
a state of fusion, but combines in definite proportions with zinc^ 
forming a crystaJliTic rnmpound, and tiiat it deposita at a tem- 
perature of at least 800° F. 

This fact indnfed us to examine the composition of the metallic 
bath, which bcmg a very large one, p;nve us a good opportunity 
of ascertaining a very interesting problem, viz. win tlicr w hen we 
employed definite proportions of zinc and tin to compose it, and 
melted them together, the mass of the bath would have a uniform 
composition, or would vary according to the depth. The bath 
we used was .2^ feet wide, 10 feet long, and 3J feet deep, and it 
contained fourteen tons of melted zinc and tin. As this definite 
compound of iron and zinc existed in large quantities at the 
bottom of the metallic bath^ in order to take our samples we 
made a wrought iron tube, of two sections^ with flanges the 
entire length, joined together by means of screwiL which brought 
the parts of ^e tube into close contact. This tube, which had j| 
tap fitted on the upper end^ bdng air-tight when closed, was 
plunged into the melted metallic bath, and after having reached 
a given depth, a little alloy was allowed to run in by slightly 
Ctpeniflff the tap and then closing it. By this means we obtained 
the following samples ; one at the top. one at from 21 to 24 
inches deep, and one at the bottom, and we found these to have 
the following composition ; — 

Top. 61 to 24 in. Bottom. 

Zinc . • 81-48 87-72 90-04 

Tin . . 18-60 1003 8-64 

Lead . . 4-9*3 2-25 1-32 



lOO'OO 100*00 100-00 

These numbers therefore clearly show that the metallic bath 
of zinc and tin (for the lead may be considered as an impiirity of 
the zinc) had a diifcicnt composition in its various parts, and tliut 
the chemical aiiinity was not powerful enough to maintain a uni- 
form composition through the mass. It is also curious to observe 
.that the heaviest metals^ vis* tun and lead, are in larger propor- 
tions at the top of the bitb than at the bottom* We shall not, 
however, venture to giye any explanation of this curious foot 
until we have further data* 
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There is a fact wliich appears to ns also worth notice; it is, 
that if we suppress from tlie above per-ceutages the proportion 
of lead which they contain^ and then calculate the zinc and tin 
into new per-cf^ntapres^ we find that the results obtained perfectly 
correspond with the quantities required to represent definite com* 
pounds^ or alloys having an equivalent composition ; m fact - 



Top;— 
Middle 





Found. 


Calculated. 


Formula. 


Tin . 


. 14-30 


13-89 


ISn. 


Zinc . 


. 8570 


8611 


llZa. 


Tin , 


. 10-26 


9-98 


IStt. 


Zinc « 


. 8974 


90*0^ 


16Zn. 


Tin . 


. 876 


8-54 


ISm 


Zinc • 


. 91-24 


91*46 


19Zn. 



Althouf^'li tlie quantities foiuul by analysis so nearly correspond 
with those obtained by cakuiations, still we hesitate to admit 
that the metals composing the metallic bath exist in it in a state 
of dciinite compounds, the more so as the ec^uivalcnt of zinc is 
so high comparatively with that of tin. 

Our object being to obtain cheaper alloys than those now in 
use called brass and bronze, in whicb copper predominates^ we 
prepared several alloys in definite proportions, in which zinc 
predominated. To obtain these alloys we melted tin, and added 
gradually to it tbe line^ or the sine and lead, and then poured 
this mixture into a melted mass of copper ; stirring the mixture 
well and casting the whole into bars, we succeeded in obtaining 
the folloffing alloys : — 



No. 1. 

Found. - • Calculated. 

6 equivalents of zinc . . 68 32 . . 68*55 
1 equivalent of tin . . . 20-62 20-34 
1 equivalent of copper . 1106 11-11 



10000 10000 

No. 2. 

lb equivalents of one . . 62*64 62-86 

1 equivalent of tin . . • 11*82 1M8 

1 equivalent of lead . • 19-94 19-86 

1 equivalent of copper . 6*10 6*11 



10000 100:00 
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Nu. 3. 

20 equivalents of zmc 
2 ... tin . . 

1 ••• lead 

2 •«« copper . 



Found. 


Calculated. 


69-56 


69-77 


12-58 


12*41 


11-06 


11-04 


6-80 


6*78 


10000 


100-00 



AUoifi of Copper. 

We also prepared a series of alloys in which copper predomi- 
nated; the nmuo operandi was the same as that adopted to pre- 
pare the above, and we found them to he composed ofj — 

No. 1. 

Found. Calculated. 

4 equivalents of copper . . 56*25 56*45 
3 ... sine . . 48*75 43-55 

100 00 100 00 

No. 2. 

18 equivalents of copper . 87*05 86*29 
1 ... nnc . . 5-07 4*98 

1 ... tin . . . 7>88 * 8'78 * 

10000 10000 

No. 3. 

10 equivalents of copper . 77*45 77*77 

8 ... zinc . . 14*39 1423 

1 ... tin . . . 816 8 00 

100*00 100*00 

The first alloy of this seriesj or one much approaching to it^ 
is already in commerce, and has heen analysed by M. Bieflel. 

The second alloy has been introduced into commerce of late, 
and is much valued by locomotive manuiiBMsturers for its extreme 
hardness. 

The third alloy is one not yet in commerce, but we believe, 
from ita physical properties, that it will replace the second alloy 
in many of its principal applications, and if so, it will prove an 

advantage to trstde, as it is a much cheaper alloy. 

We were indiiced to try the action of various acids on the above 
alloys; for it they were simple mixtures of metals, there was no 
reason why the metals composing them should not be attacked, 
though mixed together, as they would if they existed in a free 
state; whilst, if they were chemically combined, the action of 
acids would be modified. The results, as fai as we have pro- 
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eeeded, perfectly corroborate these views, and we hope tbat when 
we have completed this new field of mvestigatum, we ahall have 
practical results to offer. 

Action of Hydrochloric Acid, full strength 1*24, for two hours. 

Loss per Action on the metals 
cent. eomposiDg the alloy. 

Zinc, violent. 
0-18 Tin, violent. 

Copper, slight. 



No. 1 
Cn 
Zn 
Sn 

No. 2 
Cu 
Zn 
Sn 

No. 8 
Cn 
Zn 



Composition of 
alloyi. 

18 eq. 86-291 
1 ... 4*98 y 
1 ... 878 J 

10 eq. 77*771 

1 ... 14-28 y 

1 ... 8-00 J 



012 



0-2 



. 4 eq. 56-451 
. 8 ••• 48-55 J 

Therefore these alloys are much less attacked than the metals 
which compose them ; and it is certainly interesting to find that 
the alloj No. 8, which contains nearly 50 per cent, of zinc, is 
attacked so slightly by the hydrochloric acid. Thia inertness 
of an acid, having a most powmol action on one or more of the 
metals composing an alloy, is most eurions ; and what increases 
its interest is, that it appears to he general; as seen in the fol- 
lowing tables, which iUuatrate the action of sulphnrie acid i-^ 



Composition of Action of sulphurie Action of tnlpliuiie 



No. 1 

Cu . 

Zn . 

Sn . 

No. 2 
Cu . 
Zn . 

Sn 

No. 3 
Cu . 
Zn . 



alloy. 

18 eq. 86'29* 
1 ... 4-93 
1 ... 8-78 

10 eq. 77-77' 
1 ... 14-23 
1 ... 800 

4 eq. 56*45 



spec. Slav. 
V50. 

None. 



on the metals. 

Tin, slight. 
Copper, slight. 
Zinc, violent. 



56-45 \ 
43-55J 



None. 



None. 



No. 1 

Cu . 

Zn . 

Sn . 



Action of Nitric Acid on the above AUoys. 

Composition of Nitric ari<i, Action of nitric acid 

alloy. sp. RT. 1100. on the metals. 



sp. gr. i'l 



18 eq. 86-291 

1 ... 4-93 y 

1 8-78 J 



-02 



Copper, most violent. 
Tin, do. 
Zinc, do. 
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XT ki 

No. 2: — 




alloy. 




Cu . 


10 


eq. 77-77 


Zn . 


1 


... 14-23 


Sn . 


1 


... 8*00 


No. 3 






Cu . 




eq. 56*45 


Zn . 


3 


... 43-55 



Composition of Nitric ac id. Actiou of nitric acid 

sp. sr. 1-100. on the metals. 

jLom. 

Copper^ most violent. 
•06 Tin^ do. 

Zinc^ do. 



} 



The results contained in the last table illustrate our views 
completely, viz. that alloys having a definite composition offer a 
most extraordinary resistaace to the artion of acids, as we have 
alloys the metals of which are most \ lulently attacked by nitric 
acid, and still we find but a comparatively small amount of alloy 
dissolved by this powcri ul acid. 

We hope at a rature time to publish the result of our labour^ 
which win not only consist in eiamining the comparatiTe tena- 
city, hardness^ &e, of certain aUxyya, as compared with the metak 
oonipoaing them^ but the influence which^ say one, two, or three 
equivalents of a metal entering into the composition of an alby, 
may have on the physical and ^emical properties of the said alloy. 



XXXI. On tJie Application of Photography to Experiments on 
Diffroction, By John Bbidge, M,A, University College, 

IN addition to the difficulty of giving an explanation at once 
accurate and popular of the principles of the interference 

of light, the want of some cheap and convenient means of oxhi- 
biting its phaenomenn has hitherto prevented the subject from 
being generally knriwn. It is not my concern here to insist 
that the former ditiiculty may be removed, but to describe a 
means by which the phaenomena may, at a trifiing cost, be ilhiB- 
trated in as great variety as may be desired. 

If we look at a line of light through a series of equidistant 
lines ruled on glass, lateral spectra are produced, whether a tele- 
scope or only the naked eye be employed. Here is then an ez- 
permient which may be performed in a simple manner ; and to 
make it a popular experiment, it is only necessary to produce 
these lines cheaply. It occurred to me to do this taking a 
collodbn pictore, as small as desired, of a series of hnes rmed 
on a scale as large as may be necessary to ensure accurate equi- 
distance. When I had succeeded (to a considerable extent) in 
this, it seemed to me that by bringiog the circles, triangles, or 

* Communicated by the Author. 
S2 
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other figures used in Sir John Heraehd's experimentB within the 
■pace of the pupil of the eye on a eoUodion plate, that seriea 
of beautiful plueDomena mi^t be produced without the employ- 
ment of a telescope, or at any rate by the employment of a teite- 
scope of Terjr low power. 

Several cireumBtances tend to prevent perfect aceuraey, and 
claim attention, either to be obviated aa we best can,. or to be 
dismissed as incapable of doing material harm. 

1. Inequality in the surface and in the substance of the glass 
which is to receive the collodion film. 

2. Inequality in the coUodion film ; in its thickness from 
pouring off^ or wrinkles on its surface left by the evaporation of 
the aether. 

3. The difficulty of placing the glass to receive the image m 
a plane exactly parallel to that of the object. 

With respect to the second difficulty, it is to be considered 
that the thickness of the collodion film is of au order quite com- 
parable with the length of a wave of light ; in fact^ I found that 
the film of an average eollodicm from a hundred square inches, 
when dried and lightly pressed, oceupied considerably less than 
^th of a cubic inch, so that the thickness was certainly not 
more (and probably very much less) than ^^Wdth of an inch. 
The inequality arising from wrinkles is a small fraction of this. 
The inequality arising from pounng off must also^ for the small 
surface I would use^ be a very small fraction of the whole thick- 
ness ; and such as it is, approximates to that of a very acute- 
angled prism, whose effect would be quite inappreciable. By 
cementing a piece of thin glass over the surface of the picture, 
it is probable that the effect of the wrinkles would be neutralized, 
at the same time that protection would be afforded to the film. 

The third source of error is the most important, but is more 
in the power of care and delicacy than the others. To find the 
effect of a small error of this sort in displacing the points of the 
figure, let ab be the correct, and AB 
the actual position of the surface of 
the film, C the centre of the picture, 
0 of the lens. Then the point which 
should be at the distance Qp from C 
is at the distance CP. 

N"'^ CP-Q»- % X /.AC 

If we ar^ to have, say 600 lines in Cj9=^ of an inch, the error 
AC«r, which would remove the 500th line to the place of the 
501 St, would be g^, or rather more than 2^ for a focal length of 
10 inches. 




The ^v. S. Uaughton on Serpentines and Botgatones. 253 

The degree of Buccesa which I have obtained without the op- 
portanity of istisfying these leqniiements^ is sufficient to assure 
me that these beautiful experiments may thus be placed within 
the reach of ail^ and to justify the expectation that any one who 
possesses the necessary skill and other advantages may convert 
thisy not only into a popular^ but an accurate and scientific ex- 
periment. 

Besides the lines giving lateral spectra^ I have produced regular 
series of a large number of circles, triangles, &c. within the space 
of the pupil of the eye^ m that the phaenomena may be seen in 
a variety of foriris by the unaided eye*. This is, I suppose^ 
scarcely possible by any other means than photography. 



XXXII. Notes on Mineralogy. — No. III. On Serpentines and 
Soapstones. By the Eev. Samuel Uauohton^ Professor of 
Geolo^ in the University of Dublin f, 

THE fc^owing additional analyses of seipentmea and soap- 
stones may be oonsidered aS interest by some of your 
readers, particularly those idatmg to the serpentine porphyry 
of the Lisardy respecting which there has been some difference of 
opinion among mineralogists. 

The serpentine porphyry of Cornwall consists of greenish 
crystals imbedded in a reddish paste; the green mineral has 
been pronounced diallage by Dr. Boase and Sir H. De la Beche, 
and the reddish paste considered by the same authorities as a 
species of felspar : both these opinions seem to me to be erro- 
neous, as the porphyritic serpentine of Landewednack and Ky- 
nance Cove must be considere d as composed altogether of ser- 
pentine. I have not found alumina in sensible quantity in the 
Cornish porphyry, and therefore its y)resence in the veins of 
steatite which intersect the serpentine porphyry is highly inter- 
esting. During a visit which I paid to this interesting locality 
in 1854, I ascertained the cause of the presence of alumina m 
the veins of soapstone. Both at Kynance Cove and Gue Grease, 
the serpentine porphyry is intersected by dykes of granite, and 
the celebrated veins of soapstone lie ^read out in sheets at the 
junction of the serpentine and gramte; the soapstone must 
therefore be regarded as the result of the contact of these rocks 
at an elevated temperature j the serpentine supplying the mag- 
nesia ; and the felspar of the granite, the alumina, necessary for 
tiie finrmation of the soapstone. 

* But much better with a common telescope, 
t Communicated by the Author. 
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Aualyseii of Serpentine. 



1 


Xo. 1. 1 No. «. 


No. 3. 


No. 4. 




1350 
34-84 


40>12 

trace 
8-47 
4iHH 

1336 
2-00 


42-88 

3-80 
4049 
1264 


41*94 

86-98 

14-ie 










99*19 


98^ 


99-84 


9^09 



No. 1. The red earthy, sometimes semi-crystalline base of the - 
serpentine porphyry of K^'nauce Cove. 

No. 2. Serpentine, carefully picked out from the vcrd antique 
of Baliinahmch, co. Galvvay. It is intimately mixed up 
with white crystalline marble, and is the result of meta- 
iiioiphic action. The carbonic acid present is due to 
small particles of limestone which could not be com- 
pletely separated. 

No. 8. Emptive pale green (paeamg into gray) serpentine, 
oontaimng abundance of magnetic iron oxide^ from Zer- 
mat Thal« Switzerland. , 

No. 4. Dark green, glossy serpentine from Syria, precise 
locality unknown. 

From the foregoing analyses we readily obtain the following 
atomic equivalents : — 

Number of Atoms. 





Silica. 




Water. 


intasM* 


No. 1. 


0-832 


2087 


1-343 


10 : 25 08 : 16-14 


No. 2. 


0-872 


2 098 


1-484 


10 : 24-06 : 17-02 


No. 3. 


0-932 




1-404 


10 : ?!?-86 : 15-06 


No. 4. 


0-896 




1573 


10 : 2-2 54 : 17-G5 



Notwithstanding: the diflPerences apparent in the foregoing re- 
sults, they all approximate to the formula 5Si O^, I2MgO, 8H0, 
which gives for rational formula, — 

6{2MgO, SiO»+HO} + {2MgO, 8H0}. 

The following Table contains the analyses of two specimens of 
soapstone ; the first taken from the vein at Kynance Cove, the 
second from the vein at Gue Grease. 
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Analyses of Soap stones. 







(zue Grease. 




42-47 

6-65 

19*37 


49*10 

7-67 
30-57 
18*46 




97-33 


98-80 



These analyses famish us with the following : — 

Number of Atoms. 





Siliou 


Alomiu. 


Magnesia. 


Water. 


Inlagan. 




0-923 

0-915 


01 29 
0-149 


1-441 
1-528 


2152 

2-051 


6-4 : 0-9 : 10 : 14 9 

6- : 0-9 ; TO : 13-4 



From this table we deduce the tunnula GSi 0*^, AFO^, lOMgO, 
i4H0, which prlves as rational formula probably the following:— 

5{2MgO, Si0«} + {A1«03, Si(y*} + 14H0. 



XXXIII. On Pressures of Saturated Vapours. 
By W. J. Macquorn 11a\ 

To the MdUor9 of the PhUoeophieal Magaxme and JoumaL 
Gentlemen^ 

THE perusal, this day, of a leoent paper by Sir John Lub- 
bock on Astionomical Befractionsy baa nmde me aware of 
the fact, that in 1840 that author published a general formula 
for the presaures of saturated vapoun of the following form : — 

logP=.i(logB+log(l + |)); ... a) 

P being the pressure, r the absolute temperature, and F 

instants. 

Sir John Lubbock points out thr rr semblance between the 
above formula and that which was published by me in the Edin- 
burgh Philosophical Journal for July 184i9| vie. 

logP=A-^-^- (2) 

That resemblance I freely admit; inasmuch as the develop- 
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ment of the formula (1) produces a aeries in terms of the powers 




The differences between the two formulse appear to me to be 
the following. 

The formula (1) is deduced from certain reasonings as to reia- 
tions between the pressure of \ apour and its total heat of evapo- 
ration (which reasonings it would be premature ior me to diacuss 
after so brief an examination of them as I have yet been able to 
make)^ and it contains essentially but three independent coeffi- 
cients; 90 that all the ooeffieieiits of its defeJopment miuBt be 
functions of the first three. 

The formula ^2) was rather suggested bff, than deduced from^ 
certain hypothetical views as to the condition of a Tapoor at and 
near the surface of its liquid ; with respect to which views 1 may 
refer to the Transactions of the Royal Society of Edinburgh^ 
Yol. xz,,and the Philosophical Magazine for December 1851 and 
December 1854. In this formula the number of independent 
coefficients to be determined empirically is mde/inUe, although 
three coefficients have been found to give a sufficiently close 
agreement with such experiTnents as have yet been made. On 
this point bpc § 10 of a paper ni tlic Philosophical Magazine for 
December 1854. The computation of the coefficients is a very 
easy process. 

I may observe, that, from the following principle in the theory 
of therm o- dynamics (Phil. Trans. 1854, part 1), — 

Latent heat of evaporation of unity of weight of a fluid 

(expressed in units of work at the rate of 772 foot-pounds 
per Fahrenheit-unit of heat), where v and Y are the volumes 
of unity of weight of the fluid in the liquid and vaporous 
states respectively, — 

it is easily deduced that if the v(^our be a perfect gas, 

. . (3) 

in which Tq, Pq, Vq refer to a fixed standard absolute tempera- 
ture, K is the dynamical specific heat of the vapour under con- 
stant pressure (or the mechaoica! work required to heat unity of 
weight of it one degree under constant pressure by friction), k 
that of the liquid, and a and e are oontstants to be found empi- 
rically. But as few saturated vapours are even approximately 
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in the perfectly gaseous states the formiila (8) lefins to aa ided 
case, and I therefore relrain £rom enlarging upon it« 

The ratio tj-™ corresponds to in Poisson's notation. 

I have the honour to oe^ Gentlemen^ 

Your most obedient Servant^ 

Glasgow, September 21, 1856. W. J. MaGQUOBN RanUNB. 
^ St. Vineent Stieet. 



XXXIV. On the Nature of the Force by which Bodies are repelled 
from the Poles of a Magnet ; to which is prefixed, an Account 
of some Experiments ov Molecular Jf^iuences. By John 
Tyndall, PhJ),, FJi.S. ^'c. 

[Concluded from p. 179.] 

3. Stparaie and joint action of a Magnet and a Voltaic Current 
on Paraau^netie and Diamagnetie Bodies* 

IN operating upon bars of bismuth with the magnet^ or the 
current^ or both combined^ it was soon found that the gravest 

mistakes might be committed if the question of structure was 
not attended to ; that it is not more indefinite to speak of the 
volume of a gas without giving its temperature, than to speak of 

the deportment of bismuth without stating the relation of the 
form of the mass to the planes of crystallization. Cut in one 
direction, a bar of bismuth will set its length parallel to an elec- 
tric current passmg near it ; cut in another direction, it will set 
its length perpendicular to the same current. It was necessary 
to study the deportment of both of these bars separately. 

A hehx was ibrnied of covered copper wire one-twentieth of an 
inch thick : the space within the helix was rectaugolar, and was 

Pig. 6. 




1 inch lonir, 0-7 inch high, and 1 inch wide : the txternal dia- 
meter of the helix was 3 inches. Within the rectangular space 
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the body to he enanlned wu eoipeiided by a fibre whidi descended 
through a slit in the helix. The lattw was plaeed between die 
two flat poles of an electro-magnet, and conld thus be caused to 
act upon the bar within it, cither alone or in combination with 
the magnet. The disposition will be at once understood firom 
fig. 6, which gives a front view of the arrangement. 

Action of Magnet alone : Drnton of bm-s into Normal and 
Abnormal. — A bar of soft iron suspended in the magnetic field 
will set its longest dimension from pole to pole : this is the nor- 
mnl depoilment of [)aramnp^nptic bodies. A bar of bismuth, 
whose planes of j^incipal elca\ asre are throughout parallel to its 
length, suspended in the mu^iu tic held with the said planes 
vertical, will set its longest diiiieiision at right angles to the line 
joining the poles : tliis is the normal deportment of diamagnetic 
bodies. We will therefore, for the sake of distinction, call the 
former a nonnal jparaina^neiic bar, and the latter a lujnnal diaiaag' 
neiic bar. 

A bar of compressed carbonate of iron dust, whose shortest 
dimension coincides with the line of pressure, will, when sus- 
pended in the magnetic field with the said line horisontal, set 
its length equatorial. A bar of compressed bismuth dust, simi- 
larly -suspended, or a bar of bismuth whose principsl planes of 
crystallization are transverse to its length, wiU set its length 
aaoal in the magnetic field. We will call the former of these 
ftn abnomud paramagnetie bar, and the latter an abnornud d»a» 
magnetic bar. 

Action of Current alone on normal and abnormal bars. — A nor» 
vial paramagnetic barwns suspended in the helix above described; 
when a mrrcnt was sent through the latter, the bar set its longest 
horizontal dimension parallel to the axis of the helix, and con- 
sequently perpendicular to the coils. 

An abnormal par anuu luetic bar was suspended in the same 
manner ; when a current was sent through the helix, the bar set 
its longest dimension perpendj( uhir to the axis of the helix, and 
consequently parallel to the coils. 

7wrnial diamagiietic bar was delicately suspended in the same 
helix ; on the passage of the current it acted precisely as the 
abnormal magnetic bar ; setting its longest dimension perpen- 
dicular to the axis of the helix and pardAel to the coils* When 
a fine fibre and sufficient power are made use of, this deportment 
is obtained without difficulty. 

An abnormal diamoffnetk bar was suspended as above ; on the 
passage of the current it acted precisely as the normal magnetic 
bar : it set its length parallel to the axis of the helix and perpen- 
dicular to the coils. Here also, by fine manipulation, the result 
is obtained with ease and certainty. 
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Action of MagMi mid Cmrmt comMwdL— In examining this 
subject, eight experiments were made with each particnkur bar ; 
it will be remembered that fig* 6 gives a general view of the 
arrangement. 

1. Four experiments were made in which the me^nei was 
excited first, and after the suspended bar had taken up its posi- 
tion of equilibrium, the deflection produced by the passage of a 
current through the surrounding helix was observed. 

2. Four experiments were made in which the helix was excited 
first, and when the bar within it had taken up its position of 
equihbrium, the magnetism was developed and the consequent 
deflection observed. 

Normal Paramagnetic Bar. — In experimeutmg with the soft 
iron it was necessary to place it at some distance from the mag- 
net, uiberwisc the attraction of the entire mass by one or the 
other pole would completdv mask the action sought. Fig. 7 
represents the disposition oi things in these experiments ; N and 



8 indicate the north and south poles of the magnet | ad is the 
bar of iron ; the helix within irbich the bar was snqiended is 
shown in outline around it ; the arrow shows the dureetioii of 
the current in the upper halfoi the helix; its direction in the 
under portion would^ of course, be the reverse. 

On exciting the magnet, the bar of soft iron set itself parallel 
to the line joining the poles, as shown by the unbroken line 
in fig. 7. 

When the direction of the current in the helix was that indi- 
cated by the arrow, the bar waa deflected towards the position 
dotted in the figure. 

Interrupting the current in the helix, and permitting the 
magnet to remain excited, the bar returned to its former position : 
the current was now sent through the hcUx in the direction of 



Fig. 7. 
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the arrow, fig. 8; the eonieqnent deflection was towarde the 
dotted podtifm. 

Pig. 8. 




Both the carrent whieh excited the magnet and that which 
passed tluoiigh the helix were now interrupted, and the polarity 
of the magnet was reversed. On sending a carrent thiongh the 
helix in the direction of the arrow, the deflection of the bar was 
from the position of the defined line to that of the dotted one^fig. 9. 

Fig. 9. 





Interrupting the current through the helix, and permitting 
the bar to come to rest under the inilucnce of the magnet 
alone, a current was sent throiifrh tin? helix m a direction op- 
posed to Its former one : the deHection produced was that shown 
in fig. 10. 

The position of equilibrium iinally assumed bythe bar dt pciidb, 
of course, upon the ratio of the forces acting upon it : in these 
experiments, the bar, in its final position, enclosed an angle of 
abont 50 degrees with the axial line. 
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Fig. 10. 





A series of experiments was nest made, in which the bar was 
first acted on by the current passing through the helix, the mag* 

net being brought to hoar upou it afterwards. On the passage 
of the current throuirli the helix in the direction shown in tig. 11, 
the bar set its length parallel to the axis of the latter. On ex- 
citing the magnet so that its polarity was that indicated by the 
letters N and S in the %ure^ the deflection was towards the 
dotted position. 

Kg. 11. 





Interrupting the current through both magnet and helix, and 
reversing the current through the latter, the bar came to rest, 
as before, parallel to the axis : on exciting the magnet, aa in the 
last case, the deflection was that shown m iig. 12. 



Digitized by Google 



262 



Prof. Tyudall on the Nahtre of ike Force ^ which 

Fig. 12. 





Preserving the same current in the helix, and reversinff the 
pokrity af the magnet, the deflection was that shown in fig. 13. 

Fi- 13. 




8 



N 




Preserving the magnet poles as in the last experiment, and re- 
versing the current in the helix, the deflection was that shown 
in fig. 14. 

Tm. 14. 





S 



N 




In these cases, the bar, in its final position of equilibriora, 
enclosed an angle of about 40 degrees with the axial line. 
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Nomud Dia$n4^fnetie Bdr.— The above experimentB exhibit to 
118 Uie deportment of the normal paramagnetic body vndcr a great 
variety of conditions, and onr next step is to compare with it the 
deportment of the normal diamagnetic body under the sune cir- 
cumstances. 

For the sake of increasing the force, the helix was removed 
from its lateral position anrl placed betweeTi tin* two poles, as in 
fig. 6^ p. 257. The normal diamagnctic bar was suspended 
withm the lielix and subniitted to the self-same mode of exami- 
nation as that applied in the case of the paramagnetic body. 

The polarity first excited was that shown in fig. 9, Plate III., 
and the position of rest, when the map:net alone acted, was at 
right angles to the line joining the poles ; on sending a current 
through the helix in the direction of the arrow, the deflection 
was towards the dotted line. 

Preserving the magnetic polarity as in the last experiment, 
the direction of the current tiirough the hdix was reversed, and 
the deflection was that shown in fig. 10« 

Reversing the polarity of the magnet, and sending the cur- 
rent through the helix in the direction of the last experiment, 
the deflection was that shown in fig. 11. 

Preserving the last magnetic poks, and sending the current 
through the helix in the opposite direction, the deflection was 
that shown in fig. 12. 

In the following four cxpcnmenta the helix was excited first. 

Operated upon by the helix alone, the suspentlcd bar set its 
length parallel to the convolutions, and perpendicular to the axis 
of the coil : the direction of the current was first that shown in 
fig. 13 : when the magnet was excited, the bar was deflected 
towards the dotted position. 

Interrupting both currents, and reversing the current in the 
helix ; when the magnet was excited, as in the last experiment, 
the deflection was mat shown in fig. 14. 

Freserving the helix cmrrent as in the last experiment; when 
the polarity of the magnet was reversed, the d^ection was that 
ahown in n^. 15. 

Interrupting both, and reversing the current in the helix; 
when Uie magnet was excited as in the last experiment, the de* 
flection was that shown in fig. 1 6. 

In a paper on the Polarity of Bismuth* published m the 
Philosophical Maj^^azine, ser. 4. vol. ii., and in Poggcndorff's 
Annalen, vol. Ixxxvii., an experiment is recorded in which the 

* Fkom the notiees of this paper whiehhsve appeared in the 

journals, I am obliged to infer tJui it is in some respects obaenrdjwntten. 
The conclusion I intended to expren is that bismuth powewet a polaiity 
opposed to that of iron. — J. T. 
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deportment exhibited by fig. 11 of the present series was ob- 
tained. In a recent memoir on the nme «iibject^ Dd. v. FeOitseh* 
Btatea that he has Bonght this result in vain. Sometimea he 
ohserved the deflection at the moment pf doeing the cixenity but 
conceived that it must be ascribed to the aetion of induced cor- 
rents; for immediately afterwards a deflection in the opposite 
direction was^^oterveJ^ which deflection proved to be the perma- 
nent one. 

I have repeated the experiment here referred to with all pos- 
sible care ; and the result is that described in the remarks which 

refer to fie:. 11. This result a^ees in all respects with that 
described m my former paper. To enable myself, however, to 
appeal to quantitatue measurement, a small graduated cirele 
was constructed and placed underneath the bar of bismuth sus- 
pended within the helix. The efifect, as will be seen, is not one 
regarding which a mistake could be made on account of its 
minuteness : operating delicately, and choosing a suitable rela- 
tion between the strength of the magnet and that of the spiral 
on sending a current throiu|;h the latter as in the bar 

was deflated so forcibly that the limit of its nrst impulsion 
reushed 120^ on Ihe gntdnated circle nndemeath. The perma- 
nent deflection of the bar amounted to 60^ in the same direc- 
tion, and hence the deportment could in no wise be ascribed to 
the action of induced currents^ which vanish immediately. Before 
sending the current through the helix^ the bar was acted on by 
the magnet akme^ and pointed to zero. 

Though it was not likely that the shape of the poles could 
have any influence here, I repeated the experiment, usin^ the ^ 
hemi. spherical ends of two soft iron cores as poles: the result 
was the same. 

A pair of poles with the right- and left-hand edges rounded 
ofif^ showed the same deportment. 

A pair of poles presenting chisel edges to the helix showed 
the sainij deportment. 

Various other poles were made use of, some of which appeared 
to correspond exactly with those figured by M. v. Feilitsdi ; but 
no deviation from the described deportment was observed. To 
test the polarity of the magne^ a magnetie needle was always at 
hand : once or twice the polarity of uie needle became reversed, 
which, had it not been noticed in time» would have introduced 
confusion into the experiments. Here is a source of error against 
which, however, M. v. Feilitsch has probably guarded himsdf. 
Some irregularity of crystalline stnicture may, perhaps^ have 

* PoggendnHPs Jmuiim, voL zeB. p. 295, 

t In most of these ezpeimieiilstfae ipiial was excited by ten celli, the 
msgnet by two. 
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influenced the result. With chemically i>urc zinc " M. v. Fei- 
lit&ch obtained the same deflection that 1 obtained with hismuth : 
now chemical! V pure sine is tRama^tic'^, and hence its deport- 
ment is corroboratiTe of that which I have observed. M. v. 
Feilitschi however^ appears to regard the zinc used by him as • 
magnetic ; but if this be the case, it cannot have been chemically 
pure. It is necessary to remark that I have called the north 
pole of the electro>magnet that which attracts the south, or un- 
marked end, of a magnetic needle; and I believe this is the 
cnstom throughout Germany. 

Abnormal Paramagnetic Bar. — This bar consisted of com- 
pressed carbonate of iron dust, and was suspended within the 
helix with the line of comprcssioTi, which was its shortest dimen- 
sion, litnizontal. As in the cases ulrcadv dc^rri'ird, it wiin tirst 
acted upon by the magnet alone; havini^ attained its position of 
equilibrium, a current was sent through the helix^ and the sub- 
sequent deflection was observed. 

I'he magnet being excited as in fig. 17, Plate III., the bar set 
its length equatorial ; on sending a current through the helix in 
the direction ot the arrow, the bar was deflected to the dotted 
position. 

Reversing the current in the helix, but permitting the magnet 
to remain as hefore, the deflection was that shown in fig. 18. 

Interrupting all, and reversing the polarity of the magnet ; 
on sending the current through as in the last case^ the deflection 
was that Akown in fig. 19. 

Beversing the current, but preserving the last condition of 
the magnet, the deflection was that shown in fig. 20. 

In the subsequent four experiments the helix was excited first. 
Whatever might be the direction of the current through the 
helix, the bar always set its length perpendicular to the axis of 
the latter, and parallel to the coUs. 

When the direction of the helix current, and the polarity of 
the nm<^net, were those shown in %. ^l, the deflection was to 
the dotted position. 

Interrupting all, and reversing the current in t]u~ helix; on 
exciting the masmet the deflection was that shown m lig. 22. 

Changing the polarity of the magnet, and preserving the helix 
current iu its former direction, the deflection was that shown in 
fig. 23. 

Interrupting all, and reversing the cun-cnt through the helix ; 
when the magnetism was developed the deflection was that shown 
in fig. 24. 

■ Ahnormal Dianugnetie Bar, — ^Thia bar consisted of a prism 
bismuth whose principal planes of crystallisation were perpendi- 

• Phil. Mag. vol. xxviii. p. 456. 

Pha. Mag. S. 4. Vol. 10. No. m.OcU 1855. T 
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cnlar to its length : the mode of experiment was the same as 
that applied in die other eases. 

Acted upon by the magnet alone^ the bar set its length from 
pole to pole; the magnetic excitation being that denoted by 
fig. 29, a eurrent iras sent through the helix in the direc^on of 
the arrow; the bar was deflected to the dotted position. 

Reversing the current through the helizj the deflection was 
that shown in fig. 30. 

Interrupting both currents and reversing the magnetic poles ; 
on sending a cuiTcnt through thp helix as in the last experiment^ 
the deflection was th^t shown m tig. 3K 

Reversing the current through the helix, the dedectiou was 
that shown in fig. 32. 

In the subsequent four experiments the helix was excite J first. 

Sending a current through the helix in the direction dunutcd 
by the arrow, the bar set its length at right angles to the con- 
volutions, and parallel to the axis of the helix ; when the mag- 
netism waa excited as iu fig. 2o, the deilcction was to the dotted 
position. 

When the current was sent through the helix in an opposite 
direction^ the deflection was that shown in fig. 26. 

Interrupting bodi cnrrents, and reversing the poles of the 
magnet I on sending a current thnmgh the helix as in the last 
experiment, the deflection was that shown in fig. 27* 

Iteversing the current in the bdix, the dfifiection was that 
shown in fig. 28. 

In all these eases the position of equilibrium due to the first 
force was attained before the second force was permitted to act* 

It will be observed, on comparing the deportment of the nor- 
mal paramagnetic bar with that of the normal diamagnetic one, 
that the position of cqnilibrinm taken up by the latter, when 
operated on by the helix alone, is the snnie as that taken up 
by the former when acted on by the magiit t alone : in both cases 
the position is from pole to pole of the mai^uet. A similar 
remark applies to the abnormal para- and diamagnetic bars. It 
will render the distinction between the deportment of both classes 
of bodies more e\ident, if the position of the two bars, before the 
application of the second force, be one and the same. A\ hen both 
the bars, acted on by one of the forces, arc axial, or both equa- 
torial, the contrast or coincidence, as the case may be, of the de- 
flections from this common position by the second force will 
be more strikingly evident. 

To ^ect the comparison in the maimer here indicated, the 
figures have been collected together and arranged upon Plate III. 
'Ae first cdumn represents the deportment <^ the normal para- 
magnetic bar under all the conditions described! the second 
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column, that of the normal diamap:nptic bar; tlic third shows 
the deportment of the abnormal paramaguetic bar, and the fourth 
that of the abnormal diamaguetic bar. 

A comparison of the first two columns shows us that the dc- 
portmtjnt of the noraial magnetic bar is perfectly antithetical to 
that of the normal diamagnetic one. When, on the application 
of the second force, an end of the former is deflected to the right, 
the same end of iJie latter b deflected to tlie left. When the 
position of equilibrium of the magnetic bar, under the joint action 
of the two forces, is from N.E. to S.W., then the position of 
equilibrium for the diamagnetic bar is invariably from N.W. to 
S.E. There is no exception to this antithesis, and I have been 
thus careful to vary the conditions of experiment in all possible 
ways, on account of the divergent results obtained by other 
inquirers. In his recent memoirs upon this subject, M. v. Fei- 
litsch states that he has found the deflection of diamagnetic 
bodies, under the circumstances here described, to be precisely 
the same as that of paramagnetic bodies : this result is of course 
opposed to mine ; but when it is remembered that the learned 
German worked confessedly with the "roughest apparatn.-/' and 
possessed no means of cliiiiniatijig the effects of structure, there 
seems little difficulty in rettrrmg the discrepancy between us to 
its proper cause. 

The same perfect antithesis will be observed in the case of the 
abnormal bars, on a comparison of the third and fourth columns. 
Ill all cases then, whether we apply the magnet singly, or the cur- 
rent singly, or the magnet and current eouiljincd, ihe deportment 
of the normal diamagnetic bar is opposed to that of the normal 
paramagnetic one, and the deportment of the abnormal paramag- 
netic bar is opposed to that of the abnormal diamagnetic one. 
But if we compare the normal paramagnetic with the abnormal 
diamagnetic bar, we see that the deportment of the one is identical 
with that of the other*. The same identity of action is observed 
when the normal diamagnetic bar is compared with the abnormal 
paramagnetic one. The necessity of taking molecular structure 
' into account in experiments of tins nature oould not, I think, be 
more strikingly exhibited. 

For each of the bars, under the operation of the two forces, 
there is an oblique position of equilibrium : on the appUcation 

* IdentieBl to the eye, but not to the mind. The notion appean to he 
entertained by tome, that, by changing molecular structure, I had actoally 

cfmvprtcfl paramaf^etic substances into cHnmnpiiietic ones, and vice versa. 
No such change, however, can cause tke mass of a diamagnetic body sus- 
pended by its centre of gravity to be attracted, or the mass of a paramag- 
netic body to be repelUa, But by a change of molecular structure, one of 
the forces may be so caused to &pply itself that it shall present to the eye 
all the direetioe phaenomeiMi exhioited by the other. — J. T.s May 5, 18&'>« 



268 Prof. Tyndall an the Nature of the Farce hy which 

of the 8econd force, tin bar swin£;:s like a pendulum beyond this 
position, oscillates round it, and liuiiUy conies to rest there. 
Hence, if before the application of the second force the bar occupy 
the axial position^ the deflection^ when the second force is applied^ 
appears to be from the axis to the equator ; but if it first occnpy 
the equatorial position, the deflection appears to be from the 
equator to the axis. 

We have already shown that the repulsion of diamagnetie 
bodies is to be referred to a state of excitement indnoed by the 
magnet which acts upon them : it has been long known that the 
attraction of paramagnetic bodies is due to the same cause. The 
experiments just described exhibit to us bars of both classes of 
bodies moving in the magnetic field: such motions occur in 
virtue of the induced state of the body, and the relation of that 
state to the forces which act upon the mass. We have seen that 
in all cases the antithesis between both classes of bodies is main- 
tained. Whatever, therefore, the state of the paramagnetic bar 
under ma^rnetie pxcitompnt miiy be, a precisely antithetical state 
would produce all the phieuoiin na of the diamag:nctic bar. If the 
bar of iron be polar, a reverse ])()iarity on the part of bismuth would 
})ruJuee the effects observed. From this point of view all the 
liiuvtmcnls of diamagnetic bodies become perfectly intelligible, 
and the experiments to be recorded in the next chapter are not 
calculated to diminish the probability of the conclusion that dia- 
magnetic bodies possess a polarity opposed to that of magnetic 
ones. 

The phsenomena to which we have thus far referred consist in 
the rotations of elongated bars about tfaehr axes of suspension. 
The same antithesis^ however, presents itself when we compare 
the motion of translation of a paramagnetic body, within the coil, 
with that of a diamagnetic one. A paramagnetic sphere was 
attached to the end of a horizontal beam and introduced into the 
coil : the magnet being excited, the sphere could he made to 
traverse the space within the coil in various directions, by pro- 
perly varying the current through the coil. A diamagnetic 
Sphere was submitted to the same examination, and it was found 
that the motions of both spheres, when operated on by the same 
forces, were always in opposite directions. 

V. Further Comparison of Paramagnetic and Diamag- 
netic Ph enomena : — Diamagnetic Polarity. 

When an iron bar is placed within a helix, it is ^^'ell known 
that on sending a current through the latter the bar is converted 
into a magnet, one end of the bar thus exciii d Ix inc- attracted, and 
the other end repelled by the same magnetic polo. In this two- 
ness of action consists what is called the polaritij of the bar : wc 
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will now consider wbether a bar of bismnth eibibite aimilar 

effects. 

Fig. 39 Plate IV. represents the disposition of the apparatus 
used in the examination of this question. AB is a helix of 
covered copper wire one-fifteenth of an inch in thickness : the 
length of the helix ia 6 inches, external diameter 5 inches^ and 
internal diameter 1'5 inch. Within this helix a bar of bismuth 
6^ inches long and 0*4 of an inch thick was suspended. The 
suspension was effected by means of a light beam, fi-f)ni two 
points of which, sufficiently distant from each ntb( iv, depended 
two silver wires each ending in a loop : into these loops, the 
bar of bismuth was introduced, and the whole was suspended by 
a number of fibres of unspun silk from a suitable point of sup- 
port. Fig. 39 a is a side view of the arrangement used for the 
suspension of the bar. Before introducing the latter within the 
helix, it was first suspended in a receiver, wliicii protected it from' 
air currents, and m which it remained until the torsion of the 
fibre had exhausted itself: the bar was then removed, and the 
beam, without permitting the fibre to twist again^ was placed 
over the belk so as to receive the bar introdaced through the 
latter. From the enda of this helix two wires passed to a cur* 
rent reverser from which they proceeded further to the polea 
of a voltaic battery. CD and EF are two electro-magnetic spirals^ 
each 12 inches long, 5^ inches external and 2 inches intemd 
diameter. The wire composing them is one-tenth of an inch 
thick^ and so coiled that the current could be sent through four 
'wires simultaneously. Within these spirals were introduced two 
cores of soft iron 2 inches thick and 14 inches long : the ends 
of the cores appear at P and P*. The spirals were so connected 
together that the same current excited both, thus developing the 
same magnetic strength in the poles V P'. From the ends of the 
spirals proceeded wires to the current reverser R'^ and thence to 
a 5?pcond battery of considerably less power than the fni-mer. 
By means of the reverser 11' the polarity of the cores could be 
changed ; P' could be converted trom a south pole to a north 
pole, at the same time that P was converted from a north pole 
to a south pole. Lastly, by n change of the connexions between 
the two spirals, the cores ( (nild be so excited as to make the 
poles of the same quality, botii north or both south. 

The diameter of the cvlindrical space, wiiliiii which the bis- 
muth bar was suspended, was such as to permit of a free play of 
the ends of the bar through the space of an inch and a half. 
Having seen that the bar swung without impediment^ and that 
its axis coincided as nearly as possible with the axis of the ht^ix, 
a current from the battery was sent through the latter. The 
magnetism of the cores P and P' was then excited^ and the action 
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upon thebkmath bar observed. M. v. Feilitsch has attemptedl 

a similar experiment to that here deacribed^ but without success : 
when, however, sufficient power is combined with sufficient deli- 
cacy, the sncress is complete, and the most perfect mattery ia 
obtamed over the motions of the bar. 

The helix above described is the one wliich I have found most 
convenient for the experiments; various other helices, however, 
were tried with a result equally certain, if los energetic. The 
one first made use of was 4 inches long, 3 inches exterior dia- 
meter, and three-quarters of an inch interior diameter, with wire 
one-tiftccntli of an inch in thiekiiess, the bar being suspended 
by a fibre which passed through a sht in the helix : sending 
through this helix a current from a battery of 10 cells, and ex* 
citing the cores by a eurrent from ] cell, the phnnomena of re- 
pulsion and aUradum were exhibited with all desirable precision, 
' I shall now proceed to describe the results obtained by opera- 
ting in the manner described. The bismuth bar being suitably 
suspended, a current was sent through the helix, so that the 
direction of the current in (he upper half was that indicated by 
the arrow in fig. 40, PI. IV. On exciting the magnet, so that the 
pole N was a north pole and the pole S a south pole, the ends of 
the bar of bismuth were repelled. The final position of the bar 
was against the side of the helix most remote from the magnets : 
it is shown hv dots in the fifrnre. 

By means of the reverser it the current was now sent through 
the helix in the direction shown in fig. 41 : the bar promptly 
left its position, crossed the space in which it could freely move, 
and came to rest as near the magnets as the side of the helix 
would permit it. // was manifestly altraded by the magnets. 

Peiinittini? the current in the helix to flow in the last direc- 
tion, the polarUy of the cores of soft iron was reversed : \vc had 
then the state of things sketched in fig. 42 ; the bismuth bar 
instantly loosed from the position it formerly occupied, receded 
from the magnet, and took up finally the position marked by 
the dots. 

After this new position had been attained, the current through 
the helix was reversed : the bar promptly sailed across the field 
towards the magnets, and finally came to rest in the dotted 
position, fig. 48. In' all these cases, when the bar was freely 
moving in any direction, under the operation of the forces acting 
upon it, the reversion either of the current in the helix or of the 
polarity of the cores arrested the motion ; approach was converted 
into recession, and recession into approach. 

The en*]"^ of the lielix in these experiments were not far from 
the ends of the soft iron cores ; and it might therefore be sup- 
posed that the action was due to some modification of the cores 
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by the helix> or of the helix by the cores. It is mauifest that 
the magnets can have no permanent effect upon the helix; the 
current through the latter, measured by a tangent galvanometer, 
is just as strong when the cores are excited as when they are 
unexcitcd. The helix may ccitainly have an effect upon the 
cores, and this effect is either to enfeeble the magnetism of the 
cores or to Bt mm then it; but if the former, and the bar v\'ere 
the simple bisniuth which it is when no current operates on it, 
the action, though wcakeiied, would still be repulsive; and if the , 
latter, the increase would simply auarment the repulsion. The 
fact, however, of the cndb of the bar Ijeing attracted, proves that 
the bar has been thrown into a pcculidi* conditiou by the current 
circulating in the surrounding coil. Changiug the direction of 
the conent in the coil, we find that the adf-same magnetic 
forces which were formerly attractive are now repulsive ; to pro- 
dace this effect tihe condition of the bar must have changed with 
the change of the current; or, in other words, the bar is capable • 
of accepting two different states of excitement, whidi depend 
upon the direction of the current. 

In order, however, to reduce as far as possible the action of 
the helix upon the cores, I repeated the experiments with the 
small helix referred to in fig. 6, page 27. It will be remembered 
that this helix is but an inch in length, and that the bismath bar 
is 6,] inches long. I removed the magnets further apart, so that 
the centres of the cores were half an inch beyond the ends of the 
bismuth bar, while the helix encircled only an inch of its central 
portion : in this position, when the helix was excited, there was . 
no appreciable magnetism excited by it in the doimant cores ; 
at least, if such were excited, it was unable to attract the small- 
est soft iron nail. Here then we had cores and helix sensibly 
independent of each otlier, hut the phjjenonieoa appeared as 
before. The bar could be held by the cores against the side of 
the helix, with its ends only a quarter of an inch distant from 
the ends of the cores; on reversing either cunent the ends 
instantly receded, but the recession could be stopped b^ again 
changing the direction of the conent. With a tranquil atmo- 
sphere, and an arrangement for reversing the current without 
shock or motion, the bar obeyed in an admirable manner (lie will 
of the experimenter, and, under the operation of the same forces, 
exhibited all the deflections sketched in figs. 40, 41, 42 and 43. 

The motion of the bar cannot be referred to ^e action of 
induced currents* The bar was brought into the centre of the 
hollow cylinder in which it swung, and held there ; the forces 
were all in action, and therefore all pha;nonicna of indnetion 
passed ; the ariangcinent of the forces beinp: tliat shown in 
%. 40, on releasing the bar it was driven from the cores, whereas 
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when the amngeiiieiit was that ahown in fig. 41, it was dzawn 

towards them. 

But it does not sufficiently expreas the facta to tay that the 

bar is capable of two different states of excitement ; it must be 
addedj that both atatea exist simultaneously in the excited bar. 
We have already proved that the state necessary for the action 
of one pole is not that which enables an opposite pole to produce 
the PBine action ; lu'Tice, when the two ends of the bar are 
attracted or repelled, at i\w sani(> time, by two opposite poles, it 
is a proof that these two ends arc in ditierent states. But if this 
be correct, we can test our conclusion by reversing one of the 
poles; the direction of its force bcinp: thereby changed, it ought 
to hold the other pole in ciieck and j>revent all motion in the 
bar. This is the case : if, in any one of the instances cited, the 
polarity of either oi the cores be altered ; if the south be con- 
verted into a north, or the north into a south i)ole, thus making 
both poles of the same quality, the repulsion of the one is so 
nearly balanced by the attraction of the other, that the bar 
remains without motion towards dther of them. 

To carry the argument a step further, let us fix our attention 
for an instant upon fig. 40. Ilie end of the bar nearest to the 
reader is repdled by a south j le ; the same end ought to be 
attracted by a north pole. In like manner^ the end of the bar 
most distant from the reader is repelled by a north pole, and 
hence the state of that end ought to fit it for attraction by a 
south pole. If, therefore, our reasoning be correct, when we 
place a north pole opposite to the lower end of the bar^ and on 
the same side of it as the upper north pole, and a south pole 
opposite the upper end of the bar and on the same side of it as 
the lower south pole, the simultaneous action of these four poles 
ought to be more prompt and energetic than when only two poles 
are used. This arrangement is shown in IMate V. : the two 
poles to the right of the bismuth bar must be of the same name, 
and the two to the ielt of the bar of the opposite quality. If 
those to the right be both north, those to the left must be both 
south, and vice versd. The current revei'ser for the magnets 
appears in front, that for the lielix is hidden by the figure. The 
above conclusion is perfectly verified by experiments with this 
apparatus, and the twofold deilectioii of the bismuth bar is ex- 
hibited with remarkable energy*. 

The bar used in these cases is fiur heavier than those commonly 

^ These experiments, and almost all the others mentioned in tliis memoir, 

may be exhibited in the lecturr-r nnni. By nttachiiif; indexes of wood to 
the l)ars of bisniutb, and protcctni^ the indexes from air eurreuta by glitss 
shades, the motions may be. mude visible to several hundreds at once. Sec 
a dewaiptim of a Poly magnet, Phil. Mag. June 1856.— J. T. 
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made use of in experiments on diamagnetism, but the ditiiensionB 
stated do not mark the practical limit of the size of the bar. A 
solid bismath cylinder, 14 inches long and 1 inch in diameter^ 
was scupended in a 5*7 inches longj 1*8 inch internal dia- 
meter, 4 inches external diameter, and composed of copper wire 
O'l of an inch in thickness : when a current of twenty cells was 
sent throngrh the helix, and the magnets (only two of them were 
used) were excited by one cell, all the phaenomena exhibited by 
figs. 40, 41, 42 and 4^3, were distinctly exhibited. 

A considerable ditltn t nee is always necessary between the 
strength of the eun eut passing through the helix and that which 
excites the cores, so as to prevent the induction of the cores, 
which of itself would be followed by repulsiun, i'l um ncutializmg, 
or perhaps inverting, the induction of the helix. When two 
magnets were used and the helix was excited by ten oeUs, I found 
the magnetic excitement by one or two cells to be most advan* 
tageous; when the cores were excited by ten. or even five cells, 
the action was always repnlsive*. When four magnets were 
applied and the helix was excited by a battery of ten or fifteen 
cells, a power of five cells for the magnets was found efficient* 

The deportment of paramagnetic bodies is so well known^ that 
it might be left to the reader to discern that in all the cases 
described it is perfectly antithetical to that of the diamagnetic 
body* I have nevertheless thought it worth while to make the 
corresponding experiments with an iron bar ; to facilitate com- 
parison, the results are placed side by side in Plate IV. with those 
obtained with the bar of bismuth. It must be left to the reader 
to decide whether throughuufc this inqun-y the path of strict in- 
ductive readoumg iias been adhered to : if this be the case, then 
the inference appears unavoidable, that the diamagnetic force 
is a J >u far force, the polanty of diamagnetic bodies being opposed 
to thai of paramagnetic ones under ilie same condiliowi of excite^ 
ment-\, 

* Vhe perfect wnikrity of this depoitinetit to that of soft iion under ths 

tsnie drcum^^tances is evident. 

t I would gladly refer to M. Flucker's results in connexion vv itii this sub- 
ject had I been roccesgfol in obtaining thsm ; I will beie> howeYer> intro- 
duce the description of his most decisive expenmcnt in his own woidn. 
(See Soentific McTntiii '^, New Scr. {). .'53^).) 

" From consiiU'iiiiions of \\ hicli we shall speak afterwards, it apjienred 
to me probable that bismuth uot ouly assumes polarity in the vicinity of a 
ma^inetie pole, but tluit it also retaini the polarity for some time after the 
excitation has taken place; or, in other words, that bismuth retains a por- 
tion <if its magnetism permanently, as steel, unlike soft iron, retHins a portion 
of the magnetism excited in it by imluction. My conjecture has been cor- 
robontted by experiment. 

''I hung I 1 :n nri)ismuth, 15 millims loop; and 5 miUims. thick, between 
*the pointed poles of the large electiro-mngnet ; it wbs suspended luiiiion« 
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VI. CoN'CLUDiNo Observations : ox M. Weber's Theory of 
DiAMAGNETic Polarity '^^ AjiD on AMf^&s's Xheo&y of 
Molecular Cu&&bkt8. 

It is well known that a voltaic current exerts an attractive 
force upon a second current^ flowing In the same direction ; and 
that when the directions are opposed to each other the force 
^certed is a repulsive one. By coiling wires into Bptrals, Ampere 
was enabled to make them produce all the phsenomena of attrac- 
tion and repulsion exhibited by magnets, and from this it was 
but a step to his celebrated theory of molecular currents. He 
Riip])(i>!cd the molecules of a ma^etic body to be surroimded by 
such currents, which, however, in the natural state of the body 

tally Irom a double cocoon-thread, fig. I . The distance between the points 
was diminnlied inita llie bv ^ \, 
could baidy suinf^ freely be- ' 
twcen them. A little rod of 
glass was brought near to one 
of the }K>int8, so that the bis- 
muth Mr,before the nBagnetism 
was excited, and in consequence 
of the tnrsion, Icnned against the glass rod. On exciting the magnet by a 
current ot three of Grove's elements, the bismuth, prevented from assummg 
the equatorial position, pressed more fOTobly agamst the glass rod ; when 
the ciu-rent was interrupted, the bar remamed still in contact with die rod> 
while its free end vibrated round its position of equilibrium. The current 
was closed wnew and then reversed by agyrotrope. In conscquenee of tliis 
reveri»ioii, the biu- of bismuth, loosening from the glasii rod, moved towards 
the axial position, but aoon turned ana praned against the |^bn as befin^ 
or in some cases haTine passed quite through the aiisl position was driven . 

round with the reversed ends into the equatorial This experiment, 

which was made with some care, proves that the bismuth requires time to 
reverse its iwlarity." 

I have repeated this experiment with great care, and have obtained in 
part the effect deseribed : it is perfectly easy to prmluce the rotation of the 
bar. The cause of this rotation, however, was in my case as follows:— 
When the magnet was imexcited, the position ot equihbrmm of the axis of 
the bar acted upon by die torsion of tne fibre was uiat shown by die dot- 
ted line in the figure ; when the magnedsm was developed, the repulsive 
forro firting on the free end of the bnr necessarily pushed it beyond the 
dotted iine— an action which was perfectly evident when the attention was 
directed towards it. On reversing the current, a little time was required 
to change the polarity of the htm masses ; during this time the free end of 
the bismuth fell towards its former position, and the velocity acquired was 
sufficient to earn- it quite beyond the pole |)ointe. The only difference 
between M. Pliieker and myself is, that I obtained the same result by 
simply htiereeptin^ the cumnt as by reversii^ it. I may remark that I 
have submittea offdinary bismuth to the most powerful and deUcate tests, 
but as yet 1 have never been able to detect in it a tiaoe of that retentive 
power ascribed to it by M. Plueker. 

♦ PoggendorfF's Annalaiy vol. btxivii. p. 145, and Taylor's Scientific 
Memoirs, New Ser. p. 163. 
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nuiUiaily neutralized each other, on account of their confused 
grouping. The act of magnetization he supposed to consist in 
setting these molecular currents naraUd to each other; and 
starting from this principle^ he reduced all the phtenomena of 
magnetism to the mutual action of electric currents. 

If we reflect upon the experiments recorded in the foregoing 
pages from first to last; on the inversion of raagnecrystallic 
phaenomena by the substitution of a magnetic constituent for a 
diamagnetic ; on the analogy of the effects produced in magnetic 
and diamagnetic bodies by compression; cm the antithesis of the 
rotating actions described near the commencement; on the in- 
dubitable fact that diamagnetic bodies^ like magnetic ones, owe 
their phsenomena to an induced condition into which they are 
thrown by the influencing magnet, and the intensity of which is 
a function of the mairnetic strength; on the circiirnstance that 
this excitation, like that of soft iron, is of a dual character ; on 
the numerous additioTial experiments which have been recorded, 
all tending to show the perfect antithesis between the two classes 
of bodies ; — we can hardly faii to be convinced that Mr. Faraduy^s 
first hypothesis of diamagnetic action is the true one — that dia- 
magnetic bodies operated on by magnetic forces possess a polarity 
"the same in kind as, but the reverse in direction of that acij^uired 
by magnetic bodies." But d' this be the case, how are we to 
conceive of the physical mechanism of this polarity ? According to 
CoulomVs and Foisson's theory, the act of magnetisation con- 
sists in the decomposition of a neutral magnetic fluid; the north 
pole of a magnet^ for example, possesses an attraction for the 
south fluid of a piece of soft iron submitted to its influence^ 
draws the said fluid towards it^ and with it the material particles 
with which the fluid is associated. To account for diamagnetic 
phsenomena this theory seems to fail altogether : according to it^ 
indeed, the oft-used phrase, ' a north pole exciting a north pole, 
and a south pole a sou^ pole,' involves a contradiction. For if 
the north fluid be supposed to be attracted towards the influencing 
north pole, it is absurd to suppose that its presence there could 
produce repulsion. The theory of Ampere is equally at a loss to 
explain diamagnetic action; for if we suppose the partichis of 
bismuth surrounded by molecular currents, then acrordmg to all 
that is known of electro-dynamic laws, these currents would set 
themselves parallel to, and in the same direction as those of the 
magnet, and hence attraction, and not repulsion, would be the 
result. The fact, however, of this not being the case proves that 
these molecular currents are not the mechaiusni by which dia- 
magnetic induction is effected. The consciousness of this, 1 
doubt not, drove M. Weber to the assumption that the phaeno- 
-mena of diamagnetism are produced by molecular currents, not 
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directed, bat flctnally eseeited m tbe bismath by the magnet. 
Such induced currents wonld^ according to known laws^ have a 
direction maeed to those of the inducing magnet^ and hence 
wonUL produce the phsenomena of repulsion. To carry out the 
assumption here made, M. Weber is obliged to suppose that the 
molecules of diamagnetic bodies are surrounded by channels, in 
whicli the induced molecukr corrents, once excited^ continue to 
flow Without resistance. 

This theory, notwithstanding its great beauty, is so extremely 
artificial^ that I imagine* the general conviction of its truth can- 
not be very strong; but there is one conchision Howinsr from it 
which appears to me to be in direct opposition to ex])erimentul 
facts. The conclusion is, " that the imynetism of two iron par- 
ticles in I hi' line of magnetizalu)n is increased hy their reciprocal 
action ; but that, on the cojitrunjj the dianiayueliam of two bismuth 
particles lying in this direction is diminished by their reciprocal 
acHon/' Hie reciprocal action of the partkles yaries inveneHj 
as the cube of the mstance between them ; at a distance expressed 
by the number for example, the enfeeblement is eight times 
what it would be at the distance 2. 

The conclusion, aa regarda the inm^ is undoubtedly correct ; 
but I believe experiment proves that the mutual action of dia- 
magnetic molecules, when caused to approach each other, in- 
erea^s their repulsive action. I have had massive iron moulds 
made and coated with copper by the voltaic current ; into these 
fine bismuth powder has been introduced and submitted to pow- 
erful hydraulic pressure. No sensible fact can, T think, be more 
certain, than that the particles of this dust are brought into 
closer proximity along the line in which the pressure is exerted, 
and this is the line of strongest diamagnel 'tzation. If a portion 
of the compressed mass be placed upon the end of a torsion 
beam and the amount of repulsion measured, it will be found 
that the repulsion is a maximum when the line of magnetization 
coincides with the line of compression ; or, in other words, with 
that line lu which the particles arc packed most closely together : 
ii' the bismuth were fixed, and the magnet moveable, the former 
would repel the latter with a maximum force with the line of 
compresdmi parallel to the direction of magnetisation : it is a 
stronger diamagnet in this direction than in any other. Cubes 
of bismuth, which, in virtue of their crystallisation, possessed a 
line of minimum magnetization, have been placed in those moulds 
and pressed closely together in the direction of the said line : 
the approximation of the particles thus effected has converted 
the direction spoken of from one of minimum into one of max- 
imum magnetization. It would be difficult for me to say how 
many diamagnetic bodies I have submitted to compression, some 
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massive, some in a state of powder^ but iii no single instance 
have I discovered an exception to the Uw thai the une of com« 
pression of pniely diamagnetic bodies is the line of strongest 
diamagnetisation. The approximation of diamagnetic partieLes 
is therefore accompanied by an augmentation of their pornr^ 
instead ci a diminution of it, as supposed by the theory of M. 
Weber. 

Any hypothesis which involves the idea of the diminution of 
the diamagnetic action of a body by the approximation of its 
particles, is, I believe, opposed to facts. Sncli a hypothesis 
must, i imagine, form the basis of the ftjUowiug remark of Prof. 
W. Thomson : — referring to "a thm bar or needle ot a diamag- 
netic substance/' he says, "such a needle has no tendency to 
arrange itself across the lines of magnetic force; but, as will be 
shown in a future paper, if it be very small compared with the 
dimensions and distance of the magnet, the direction it will 
assume^ when allowed to turn freely round its cenirc of gravity, 
will be that of the lines of force*.'' I have not found in any 
of the subsequent numbers of tiie Philosophical Magazine the 
proof here promisedf. But I doubt not the eonelnsion involves 
the assumption that the mutual action of diamagnetic partides 
is to weaken each other, and hence to produce a more fe^le mag- 
netisation ahnff a thin diamagnetic bar fhaniMrois it — an assump- 
tion which, as abeady shown, is contradicted by experiment. 

It is scarcely possible to reflect upon the discovery of Faraday 
in all its bearings, without being deeply impressed with the feel- 
ing that we know absolutely nothing of the physical causes of 
magnetic action. We find the magnetic force producing, by 
processes which are evidently similar, two great classes of effects. 
We have a certain number of bodies which are attracted by the 
magnet, and a far greater number which are repelled by the 
same assent. Supposing these facts to have been known to 
Ampere, would he have satisfied hif^ profound mind by founding 
a theory which accounts for only the smaller portion of them ? 
This theory is admirable as far as it goes, but the sreneralization 
is yet to come which shall show the true relationship ui pbaiuo- 
mena, towards whose connexion the theory of Ampere furnishes 
at present no apparent clue. 

Royal Institution, October 1854. 
* Phil. Mag. vol. xxxvii. p. 244. 

t This remark appears to have induced Mr. Thomson to publish the 
proof referred to in the last Niiuiber of the Philosopliical Magazine. The 
arguments there brought forward have been Ions- familiar to me, but I 
regret to say that I cannot attach much real value to them. At some 
^tore day I bope to be able to juttUy the Bceptidfm wMch I hero venture 
to ezpreBs.— J. T., May 5, 1855. 
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Note on M. Matteucd's Objections, 

The forcing memoir was on the point of leaving my hands 
for the Royal Society^ when accident^ backed by the kindness of 
Mr. Faraday, placed the Cours Spicialoi M« Matteacci, recently 
pubUshed in Paris, in my bauds. An evening's pemsal of this 
valuable work iuduces me to append the following remarks to 
the present paper. 

M. Matteucc'i honours the re^^enrches which bear my name^ 
and those which I published in connexion with M. Knoblauch, 
with a considerable share of his attention. He corroborates all 
the experimental facts, but at the conclusion states three objec- 
tions to the manner in which these facts have been explained. 
'* La faveur," writes the iearncd Itahan, "avec laquelle les idees 
de MM. Tyndall et Knoblauch out ete accucillies m'imposent le 
devoir de ne pas vous homer ignorer les objections qui s'eleveut 
contre dies* La piemi^ conaiate dans la diMrenee tr^s-grande 
et constant dans la force qui &it oaciller cntie les poles un 
aigoUle de bismuth cristallise^ suivant que ses clivages parall^es 
it sa longueur sont suspendus verticalement ou dans un plan hoci- 
sontal : cette difference me parait inconciliable avec le r^ultat 
rapporte de Fexpcrienoe de M. lyndall, sur lequel se fonde 
I'explication des ph^nom^es magneto-cristallises. Mais une 
objection encore plus grave est ceUe du mouvement ^aUracHon* 
vers les poles qui se manifeste dans les prismes de bismuth cri- 
stallis^ dont les clivages sont pcrpendiculaires k leur longueur. 
Pour rendre la consequence de cette demierc experience encore 
plus evidente, f ai fixe deux cubes de !)i^muth, qui out deux faces 
opposees natureiies et paralleles aux plans de cliva^e, auxextrd- 
mites d'un petit levier de verre, ou de sulphnte dt; chaux, sus- 
pendu par un iil dc cocon au milieu du champ maguetique entre 
les extremites polaires d^^n _. 
electro - aimant (fig. 27a) ; ^* 
lorsque les deux cubes ont 
les clivages verticaux et per- 
pendieolaires h la kmgueur 
k I'aiguille, au moment oil le 
ciieuit est fermdj Paiguille 
est attir^j que wit la 
pontkn qu'elle occupedans 
le champ magnetique^ et se 
fixe en equdibre dans la 

ligne pdaire II me 

semble impossible d'expli* 

^ This is in reality not a 'movement of a/lra<;lMHi/ — see Appendix to 
the present paper. — J. T., May 1855. 




Digitized by Google 



Bodiei are repelled Jrom the rules o/ a Magiiet, 279 

aner eea monvemeiits du bisiriath mtallis^^ comnie on a esaay^ 
e la iaire^ par la force repolnve de Paimant^ qui^ suivant Pcxpc- 
rience de M. Tyndall^, s'exerce avec plus d^intensit^ paralllle- 
ment wax divages que dans la direction perpendiciilaire k eea 
plana. 

''Remarquons encore qu'on ne trouve pas constamment I'accord 
qui devrait exister, selon les idees de MM. Tyndall ct Knoblauch, 
entre les phenomcncs magncto-cristallises et Ics cffets produits 
par la compression dans le bismuth, si I'on considert' ces plans 
de clivages et la ligne siiivant laquelle la compression a eu lieu 
comme jouissant des mt .ne proprietest.'' 

With regard lo the iiist objection, I may say that it is ex- 
tremely difficult to meet one so put ; it is simply an opinion, and 
I can scarcely 5=^;iv more tliaii that mine does not coincide witli 
it. I would gladly eater upon the subject and endeavour to 
give the objection a scientific form were the necessary time at 
my disposal, but tliis^ I regret to aay, ia not the eaae at present. 
I shall moreover be better pleased to deal with the objection 
after it has assumed a more definite form in the hands of its 
proposer, for I entertain no doubt that itis capable of a sufficient 
answer. The second objection M. Matteoeei con&dera to be a 
more grave one. The nicta are as follows : — the repulsion of a 
mass A ciystalliied bismuth depends upon the direction in which 
the mass is magnetized. When the magnetizing force acts in a 
certain direction, the intensity of magnetisation, and the conse- 
quent repulsion of the mass, is a maximum, lliis is proved by 
placing the mass upon the end of a torsion beam and bringing 
its several directions successively into the line of the magnetic 
force. Poisson would have called such a direction through the 
mass a principal axis of magnetic induction^ and I have else- 
where called it a line of elective polai'ity. lien a sphere or 
cube of bismuth is freely suspended in the magnetic field, with 
the duiction referred to horizontal, in all positions except two 
the forces acting ou tlie mass tend to turn it ; those positions 
are, when the line of maximum magnetization is axial and when 
it is equatorial, die former being a position of unstable, and the 
latter a position of stable equilibrium. When the above line is 
oblique to the direction of magnetisation, the sphere or cube will 
turn round its asds of suspension until tiie direction reiiBfred to 
has set itself at right angles to the line joining the poles. Now 
if the dii*ection of maximum magnetization be transverse to an 
elongated mass of bismuth, such a mass must, when the said 
direction recedes to the equator, set its length from pole to pole. 

* Tliis was first proved by Mr. Fnsday.— J. T. 
t Coifrf sp^a/ f«r fnufaiclion, 4*c., p. 255. 
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The facts observed by M. Mattcucci leem to me to be a flimple 

corroboration of this deduction*. 

The third objection is directed against an imaginary case, " si 
Von considerc les plans dc cliva*^e et la ligne de compression 
conime jouissant des meine proprietes." It must be evident that 
a crystal like bismuth, possessing a number of cleavages of un- 
equal values, cannot be compared in all respects with a body 
which has suffered pressure in one du edion only. I have no 
doubt whatever, that, by a proper application of force in differ- 
ent directions, a compressed mass might be caused to imitate to 
perfection every one of the actions exhibited by ciystalUzed bis- 
muth. Indeed I would go further, and say, that I shall be 
happy to undertake to reproduce, with bismuth powder^ the 
deportment of any diamagnetie eryatal wbatevor tbat M. Mat- 
teucci msy think proper to name. 

In looking further over M. Matteaeei's instructive book, I 
£nd another point alluded to in a manner which tempts me to 
make a few remarks in anticipation of a fuller examination of the 
Bubjeet. The point refers to the reciprocal action of the particles 
of magnetic and diamagnetie bodies* It is easy to see, that if 
the attraction of a bar of iron varies simply as the number of 
the partkka attracted, then, inasmuch as the weight of the body 
varies in the same ratio, and the moment of inertia as the weight, 
the times of oscillation of two masses of the same length, but 
possessing different numbers of attracting: particles, must be the 
same. Coulomb indeed mixed iron filings with wax, so as to 
remove the particles out of the sphere of their mutual inductive 
action, and proved that when needles of equal lengths, hut of 
different diameters, were formed from the same mixture, the 
duration of an oscillation was the same for jb'rom this he 
inferred that the attractive force is simply proportional to the 
number of ferrugmous yiLirticlco; but this could not be the case 
if these particles exerted any sensible reciprocal action, either 
tending to augment or diminish the induction due to the direct 
action of the magnet. - On accoun1^*of such a mutual action, two 
bars of soft inm, of the same length, and of different cyameters, 
have not the same time of oscOkition* 

In examining the question whether the partides of diamag* 
netic bodies exert a similar reciprocal action, M» Matteucci fifis 
quills of the same length, and of different diameters, with pow- 
dered bismuth, and finds that there is no difference between the 
duration of an oscillation of the thick ones and the slender ones; 
from this he infers that there can be no reciprocal action among 
the particles of the bismuth. 

* For a more complete examiiiation of this subject see the Appendix to 
this paper. — J. T., May 1856. 
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Now it is not to be imagined that even in Coulomb's experi- 
ments with the iron filings the molecular induction was abso- 
lutely nothing, but simply thnt it was so enfeebled by the sepa- 
ration of the particles that ii was uisensible in the expci'ioients. 
This remark applies with still greater force to M. Matteucci's 
experiments with the bismuth powder; for the enfeeblenifiiit of ^ 
a force already so weak^ by the divition of the diamagnetic masi 
into powder, must of coiirte practically eztingniah all reciprocal 
action of the particle*, cnren luppoiing a weak action of the land 
to exist when the mass is compact. 

I will not here refer to my own experimenta on eompreaaed 
bismuth, but will take a result ai-rived at by M. Matteneoi him- 
self while repeating and corroborating these experiments. " I 
made/' says M. Mattencci, two cylinders of bismuth precisely 
of the same dimensions, the one campressed, the other in its 
natural state^ and found that the compressed mass had a diamag* 
netic power distinet^f tuperior to that of natural bismuth*.'' 
Now M. Matteucci, in his Cours Bpicial, has made his own 
choice of a test of reciprocal molecular action ; he assumes that 
if cylinders of the prttic length, but of ditfcreut masses, have 
equal times of oscillation, it is a conclusive proof that there is no 
action of the kind referred to. This necessarily implies the 
assumption, that were the times of oscillation dijjh'ent, a reci- 
procal action would be demonstrated. Now, according to his 
experiments described in the Association Report, the times of 
oscillation are diilcrcnt; the diamaguetism of the compressed 
cy Under is '^distinctly superior to that of the uncompressed 
one : the diamagnetic effect increases in a greater proportion than 
the quantity of matter*, and hence, on M. Matteucci's own prin- 
ciples, the result negatived by his experiments on powdered bis- 
muth is fiurly established by those which he haa made with the 
eompresfled aubstanoe. 

ApPENDIXt* 

Beflecting further on the subject of diamagnetic polarity, an 
experiment occurred to me which constitutes a kind of orusial 
test to which the conclusions arrived at in the foregoing memoir 
may be aobmitted. 

Two square prisms of bismuth, 0-43 of an inch long and 0-2 
of an inch wide, were laid across the ends of a thin plate of ccdai' 
wood, and fastened there by white wax. Another similar plate 
of wood was laid over the prisms^ and aLso attached to them by 

* Koport of British Association for 1852, Trauacttons of SecCumij p. 7* 

•f iieceived December 21, 1864. 

PhU. Mag, S. 4. Vol. 10. No. 6G. Oct, i8:>5. U 
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wax; a kind of rectangular box was thua formed^ 1 inch long 
and of the same width as the length of the , 
prisms, tiie ends of the box being formed by 
the prisms, while its sides were open. Both 
plates of wood were pierced through at the 
centre, and in thp aperture thus formed a 
wooden pin was fixedj which could readily 
be attached to a suspending fibre. Fig. 1 
represents the arrangement both in plan and 
section. 

The prisms first chosen were produced by the compression of 
fine bismuth powder, without the admixture of gum or any other 

foreigu ingredient, the compressed mass being perfectly compact 
and present! ii:;- a surface of metallic brilliancy. If such a mass 
be placed on the end of a torsion balance and a magnetic pole is 
brought to bear upon it, I have proved the repulsion to be max- 
imum when the direction in which the mass has been ( inpressed 
is in the continuation of the axis of the magnet. A comparative 
view of the repulsion in this direction, and in another perpendi- 
cular to it, is given in the iuiiuvving Table 

Compressed bismuth powder. 



Repulsiou. 

. " _^ , 

Strength of vnagnet. Line of pressure axial. Line of pressure equatoriali 

5-8 22 13 

8-1 46 31 

10- 0 67 46 

11- 9 98 67 



We sec here that the repulsion^ when the line of pressure is 
axialj exceeds what occurs when the same line is equatorial by 
fully one-half the amount of the latter. Now this can only be 
due to the more intense magnetization^ or rather diamagnetiza- 

t\on, of the bismuth along the line of pressure ; and in the expe- 
riment now to be described I availed myself of this fact to render 
the effect more decided. 

The })risms of bismuth ^vore so constructed that the line of 
pressure was parallel to tlif k iigth of each. The rectangular 
box before referred to was suspended from its centre of gravity 
O iu the magnetic field, so that the two prisms were in the same 
horizontal plane. Let the position of the box thus susproded 
horizontally be that shown in fig. 2. For the sake ol s-implicity, 
we will confine our attention to the action of one of the poles 
which may be either flat or rounded^ upon the prism hf adjacent 
to it, as indeed all the phsenomena to be described can he pro* 
duced before a single pole. The direction of the force emana- 
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ting from N rrpre- 
sented by the arrows ; 
and if this force be 
purely rep ulsive, th e ac- 
tion upon every smgle 
partielcof the dianiag- 
netic mass farnishca 
a moment which, in 
the position here as- 
sumed^ tends to turn 
the rectangular box in 
the direction marked 
by the arrow. It ia 
perfectly impossible 
that snch a system of 
forces could cause the box to turn in a direction opposed to the 
arrow ; yet this is the precise direction in which the box turns 
when the magnetic force is developed. 

Here, then^ we have a mechanical effect which is perfectly 
inexplicable on the supposition that the diamagnetie force ia 
purely repulsive. But if the conclusions arrived at in the fore- 
going memoir be correct, if the diamagnetie force be a polar 
force, then wn rmist assume that attraction and repnlsion arc 
developed simultaneously, as in the case of ordmary magnetic 
phsenomena. Let us examine how this assumption will affect 
the analysis of the experiment before us. 

The marked end of a mao-netic needle is pnlled towards the 
north magnetic pole of tlir earth ; and yet, if the needle be 
caused to float upon a li(|uid, there is no motion of its mass 
towards the terrestrial pole referred to. The reason of this is 
known to be, that the south end of the needle is repelled by a 
force equal to that by which the north, or marked end, is at- 
tracted. These two equal and opposite forces destroy each other 
as regards a motion of translation, but they are effective in pro- 
ducing a motion of rotation. The magnetic needle, indeed, when 
in a position oblique to the plane of the magnetic meridian, is 



solicited towards that plane by a 
mechanical couple, and if free to 
move, will turn and find its position 
of equilibrium there. 

liet such a needle,//*, be attached, 
as in fig. 3, to the end of a light 
wooden beam, vw; let the beam 
and needle be sr.^pended horizon- 
tally from the point a, round whie]i 
the whole system free to turn, 
the weight of the needle being ba- 

U2 



Fig. 3. 
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lanced by a suitable counterpoise^ w, let the north pole of the 
earth be towards N. Supposing the beam to oocapy a position 
oblique to the magnetic meridian^ as in the figure, the end/ or 
the marked end^ of the needle is solicited towards N by a force 
and the tendency of this force to prodnee rotation in the 
direction of the arrow is expressed by the product of 4> ^be 
perpendicular drawn from the axis of rototion upon the direc- 
tion of the force. Setting ibis distance we have the mo- 
ment of ^ in the direction stated^ 

The end h of the needle is repelled by the earth's magnetic pole 
with a force : calling the distance of the direction this latter 
force from the axis of rotation d!, we have the moment of ^ in 
a direction opposed to the arrow. 

Now as the length of the needle may be considered a vanishing 
quantity, ronipared with its distance from the terrestrial pole, 
we have practically 

and consequently 

The tendency to turn the lever in a direction opposed to (be 
arrow is therefore predominant; the lever will obey this ten- 
dency, and move until the needle finds itself in (he msji^etic 
meridian: when this position is attained, the predominance 
spoken of evidently ceases, and the system will be in equili- 
brium. Experiment perfectly corroborates this theoretic deduc- 
tion. 

In this case, the centre of gravity of the needle recedes from 
the north magnetic pole as if it were repelled by the latter ; but 
it is evident that the recession is not due either to the attraction 

or repulsion of the needle considered as a whole, but simply to 
the mechanical advantage ])ossessed by the force cf)', ou account 
of its greater distance iVom tlic axis of rotation, if the force 
acting upon every partich; of tlie needle were purely attrnctivej 
it is evident that no such recession could take place. Supposmg, 
thcn_, that we were simply acquainted with the fact, that the end 
/of the needle is attracted by the terrestrial pole, and that we 
were wholly ignorant of the action of the saiil pole upon the end 
h, the experiment here described would lead us infallibly to the 
conclusion that the end A must be repelled. For if it were 
attracted, or even if it were neither attraeted nor repelled, the 
motion of the bar mnst be towardB the pole N instead of in the 
opposite direction. 
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Let us apply this leasoning to the experiment witli the bu- 
nmth prisms already deBcribed. The motion of the magnetic 
needle in the ease referred to is not more inexplicable, on the 
assumption of a purelv attractive force, than is the motion of our 
Tcctangnlar box on the assumption dl a purely repulsive one; 
and if the above aperiment would lead to the condnsion that' 
the end h of the magnetic needle is repelled^ the experiment 
with the bismuth leads equally to the conclusion that the end / 
of the prism hf, fig. 2, must be attracted by the pole N. The 
assumption of such an attraction, or in other words, of diamag- 
netic polarity, is alone capable of explaining the effect, and the 
explanation which it offers ia perfect. 

On the hypothesis of diamagnetic polarity, the prism ///turns 
a hostile end h to the magnetic pole N, and a friendly pole / 
away from it. Let the repulsive force acting upon the former 
be ^, and the attractive force acting upon the latter (f)'. It is 
manifest that if <f) were equal to (j>[, as in the cas^c of the earth's 
action, or in other words, if the field ot iuice were perfectly uni- 
form, then, owing to the greater distance of (f)>' from the axis of 
rotation, from the moment at which the rectangular box quits 
the equatorial position, which is one of unstable equilibrium, to 
the moment when its position is axial, the box would be inces- 
santly dviwn towards the position last referred to. 

But it will be retorted that the field of force is not uniform, 
and that the end h, on account of its greater proximity to the 
magnet, is more forcibly repelled than the end /is attracted: to 
this I would replv> that it is only in ''fields which are approxi* 
matdy uniform that the effects can be produced j but to produce 
motion towards the pole, it is not necessary that the field should 
be perfectly uniform : setting, as before, the distance of the direc-> 
tion of the force <^ from the axis of rotation =d, and that of the 
force ifslssd'ftk motion towards the pole N will always occur 
whenever 

d if' 

To ascertam the diminution of the force on rocrdiii^- from a 
polar surface such as that here used, I suspended a prism of 
bismuth, similar to those contained in the rectangular box, at a 
distance of 0*9 of an inch from the surface of the pole. Here, 
under the action of the magnet excited by a current of ten cells, 
the iiuiiibd' of oscillations accomplished in a second was 17; at 
0*7 of an inch distant tlie number was 18; at 0*5 of an inch 
distant the number was 19 ; at 0*3 distant the number was 19*5 ; 
and at 0*2 distant the number was 20. The forces at these 
xeipeotive dirtaaeea bdng io very Httle difieient from each other, 
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it followg tiliat s very slight deviatioa of the box from the equi^ 
torial position is Bufficicnt to give the moment of ^ a prepon- 
derance over that of (j), and consequently to produce the eiact 
effect observed in the experiment. 

The oonsistency of this reasoning is still further shown when 
we operate in a field of force which diminishes speedily in inten- 
sity as we recede from the magnet. Such a field is the space 
immediately in front of pointed poles. Suspending our rectan- 
'gular box between the points^ and causing the latter to approach 
nntii the box has barely ix)om to swing between them, it is im- 
possible to produce the phaenomcna which we have just described. 
The intensity witli which the nearest points of the bismuth bar 
are repelled so much exceeds the attraction of the more distant 
end, that the moment of attraction is not able to cope success- 
fully with the moment of repulsion ; the bars are consequently 
repelled m masse, and the len<jtti of the box takes up a position 
at right anp^les to the line which unites the poles. 

It is manifest, however, that by incrtasmg the distance be- 
tween the bismuth bar and the points acting upon it, wc dimi- 
nish the difference of action upon the two ends of the bar. When 
the distance is sufficient, we can produce, with the pointed poles, 
all the phsenomena eihifoited between flat or rounded ones. 

All the effects which hare been described are produced with 
great distinctness when^ instead of compressed bismuth, two 
similar bars of the cnrstallized substance are used^ in whidi the 
planes of principal cleavage are parallel to the length. Sudi 
bars are not difficult to procure^ and they ought to hang in the 
magnetic field with the planes of cleavage vertical. It is unn&> 
cessary to describe the experiments made with such bars ; they 
exhibit with promptness and decision all the effects observed with 
the compressed bismuth. 

We have hitherto operated upon elongated masses of bismuth j 
but with the compressed substance, or with the substance cry- 
stallized uniformly in planes^ as in the case Inst referred to, an 
elongation of the mass is not necessary to the prod taction of the 
effects described. Previous, however, to the demonstration of 
this proposition, I shall Introduce a kind of lemma, which will 
prepare the way for the complete proof. 

liiamagnetic bodies, like paramagnetic ones, vary considerably 
in the intensity ot liieir forces. Bismuth or antmiony, for ex- 
ample, exhibits the diamagnetic force with greater energy than 
gold or silver, just as iron or nickel exhibits the magnetic force 
with greater energy than platinum or chromium. Let two thin 
bars, ab, cd, fi^. 4, of two bodies of different diamagnetic powers 
he placed at right angles to each other, so as to form a cross; 
let the cross he attadbed to the end of a lever and suspended 
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homontally from the point iv, before the flat or rounded pole N 
of a magnet. Let the continuous line ab represent the needle 



Fig. 4. 



7^ ^\ 



of the powerful diamagnctic bocly, and the 
broken line cd that of the feeble one. On 
the former a niLcluimcal couple acts in the 
direction denoh d by the arrows at its ends; 
and on the latter a couple operates in the 
direction of the arrows at its ends. These 
two couples are evidently opposed to each 
other ; but the former bemg, by hypothesis, 
the more powerful of the two, it will over- 
come the latter. The mechanical advantage 
possessed by the attracted end a of the more 
powerfnl bar, on account of its greater di- 
stanee from the axis of sun>ension mSl, in 
an app roximately uniform field offeree which 
we here assume^ eaus& the centre of gravity 
of the cross to move towards the pole N. 

In the formation of such a cross, however, 
it is not necessary to resort to two different substances in order 
to find two needles of different diamagnetic powers; for in cry- 
stallized bodies, or in bodies subjected to mechanical pressure^ 
the diamagnetic force acts with very different energies in differ- 
ent directions. Let a mass of a diamagnetic body which has 
been forcibly compressed in one direction be ima<2;ined; let two 
needles be taken irom such a mass, the one with its length 
parallel, and the other with its lenirth perpendicular to the line 
of pressure. Two such needles, though, cum posed oi the same 
, chemical substance, will behave exactly as the two bars of the 
cross in the experiment last described; that needle whose length 
coincides with the line of |)ressurc will Ix nr the same relation to 
the otlit r that the needle of the powerfully (Mainagrietic substance 
bears to that of the feeble one. An inspeetioa of the table at 
page 282 will show that this must be the case. J 

It is also shown in the following table^ that in masses of cry- 
stallised bismuth the diamagnetic repulsion acts with very differ- 
ent energies in different directions. Cubes were taken from a 
mass of bismuth with the planes of principal cleavage parallel 
throughout to two opposite faces of each cube. The cubes were 
placed upon the ends of a torsion balance, and the diamagnetic 
repulsion was accurately measured when the force acted parallel 
to the planes of cleavage* The cubes were then turned 9(f 
. roundj and the repulsion was measured when the force acted 
perpendieular to the planes referred to. 
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Cubes of crystallized bismuth, 

Repuhkm when ibe forae wn 



Strength oi magnet. along the cleavage, acro&s the cleavage. 

8*6 11-7 8 

67 34*8 23 

8-4 78 58 

100 111 76-6 

11*9 168 110 

It is manifest from t]m table that bismuth behaves as a body of 
considerably su})erior diamaguetic power when the force acta 
alotii/ the planes of cleavage. 

Let two indefinitely thin needles be taken from such a mass, 
the one with its length parallel, and the other with its length 
perpendicular to the planes of cleavage ; it is evident that if two 
such needles be formed into a cross and subjected to experiment 
in the manner above described^ the former will act the part of 
the more powerfully diamagnetic needle^ and produce similar 
effects in the magnetic field. 

We now pass on to the demonstration of the proposition^ that 
it is not necessary that the crystallised masses should be elon- 
gated to produce the effiscts exhibited by the prisms in the ex- 
periments already re- p. ^ 
cofded. Let us suppose 
ike ends of our reet* 
angular box to be com- 
posed of cubesy instead 
of elongated masses^ 
of crystallized bismuth, 
and let the planes of 
principal cleavage be 
supposed to be parnllcl 
to the face ab, tig. 5. 
Let the continuous line 
de represent an indefi- 
nitely thin slice of the 
cube passing through 
its centre, and the dot- 
ted line ^/ a siunlar slice in a perpendicular direction. These 
two slices manifestly represent the case of the cross in fig. 4 ; 
and were they alone active, the rectangular box, in a uniform 
field of magnetic force, must turn in the direction of the arrow. 
Comparing similar slices in pain on each side of those two cen- 
tral dices, it is manifest that every pair parallel to the Ime de 
r^resents a 8tron§;er mechanical couple than e?ery corresponding 
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pair parallel to fg. The consequence is^ that a cube of crystal* 
lized bismuth suspended in the manner described, in a sufficiently 
uniform field of magnetic force, will moye in the same direction 
as the cross in fig. 4 : its centre of gravity will therefore tg^oaeh 

the pole N, which was to be demonstrated. 

This deduction is perfectly illustrated by experiment. It is 
manifest that the effect of the pole S upon the cube adjacent to 
it is to increase the moment of rotation of the rectangular box : 
the same reasoning applies to it as to the pole N. 

Heferrmg to fig. 27a, page 278, it will be seen that we have 
licre dealt with the second and gravest objection of M. Matteucci, 
and converted tlie facts upon whicli the objection is based into a 
proof of diaiiiagiietic polarity, so cogent that it alone would seem 
to be sufficient to d(;eide this imjjortant question. Holding the 
opinion entertained by M. Matteucci regarding the nature of 
diamagnctic force*, his objection must have appeared to him to 
be absolutely unanswerable : 1 should be glad to believe that the 
remarks contained in this Appendix furnish, in the estimation 
of the diatinguisbed philosopher referred to, a satislactfHy expla- 
nation of the difficult J whidi be has disclosed. 

Let me, in conclusion, briefly direct the reader's attention to 
the body of evidence laid before him in the foregoing pages. It 
has been proved that matter is repelled by the pole of a magnet 
in virtue of an induced condition mto which the matter is thrown 
by such a pole. It is shown that the condition evoked by one 
pole is not that which is evoked by a pole of an opposite quality 
— ^at each pole excites a condition peculiar to itself. A perfect 
antithesis has been shown to exist between the deportment of 
paramagnetic and diamagnetic bodies when acted on by a mag- 
net alone, by an electric current alone, or by a magnet and an 
electric current combined. The perplexing phaenomena resulting 
from molecular stmcture have been laid open, and the antithesis 
between paramn triu tic and diamagnetic action traced throuii hout. 
It is further shown, that whatever title to polarity the deportment 
of a bai- of soft iron, surro\mded by an electric current, and acted 
on by other magnets, gives to this substance, a bar of bisiimth 
possesses precisely the same title : the disposition of forces, which 
in the former case produces attraction, produces in the latter case 
repulsion, whde the re])ulsion of the iron finds its exact comple- 
ment in the attraction of the bismuth, finally, we have a case 
adduced by M. Matteucci which suggests a crucial experiment 
to which ail our previous reasoning has been submitted, by which 
its aecuracy has been proved, and the insufficiency of the assump- 

* " II ne peut exister duus les corps diamagn^tiques uue polarite teUe 
qu'cn la oonooit dim le fier douz."— Ctwr* Sj^^al, p. 201. 



Digitized by 



290 Mr, £. Haeffely^s EwperimerUs on some of 

tioiij that the diamagnctic ioice is not polar, is reduced to de- 
monstration. When we remember that against all this uo single 
experimental &€t or theoretie argument* which can in any de- 
gree be considered as condusive^has ever been brought forward^ 
nor do I believe can be brought forward, the conclusion seems 
irrea^blci that we have in tne agency by which bodies are re- 
pelled from the poles of a magnet, a rorce of the same dual 
character as that by which bodies are attracted; that, in shorti 
*f diamagnctic bodies possess a polarity the same in kind but the 
opposite in direction to that possessed by magnetic ones*'' 



XXXV. Eaperimenta on some of the Compotmds of Tin wUh 
Arsenic, By Ed. Haefpbly of Mulhousef. 

BY pouring au excess of nitric acid into a solution of stan- 
nate soda and arseniate of soda, in which the arseniatc 
predominates, and bringing this mixture to a state of ebullition, 
a white gelatinous precipitate is produced, composed of arsenic 
acid, peroxide of tin, and water; when washed and dried at the 
ordinary temperature, it forms transparent fragments. 

To analyse the above compound, the delicate process described 
by M. Levol| was employed, vis. placing within a glajss tube 
heated to remiess 100 parts in an anhydrous state, and passing 
through it a current of hydrogen, when the tin is left in the 
metallic form, and the arsenic sublimed in the tube. Three 
analyses gave, — 

Tin ... 45 46-3 45-21 

Arsenic . . 27*2 26*3 

* I ought perhaps to except an argmnent of Ftofenor'W. Thomson'B, 
which professes to prove that an absolute creation of force, and the Mtting 

up of a perpetual motion, would follow, if (linmfitnietic polarity were con- 
ceded. Wliilc expressiug my ailmiratiuu oi tlie ingenuity of Mr. Thomson*s 
reaw>mug> it appears to me to labour under the disadvantage of proving 
too mueh, his conelnsion being equally fatal to polarity of all kinds. The 
argumPTtt, I believr. %vas first publicly urged agiiinst myself at the Belfast 
Meeting of the 15iui^h Association; but at the Liver]innl Meeting lost year 
Profes^r 'JL iiomsun iiimself admitted *'that he had not perfect confidence 
in the truth of the oonclusion» as one of the assmnptiotts on which the 
reasoning was founded admitted of doubt.** — See Athenrcura, 1854, p. 1201. 
Indeed, from mmny of his published papers, it might be inferred that Mr. 
Thomtsou actually assumed what I, in the present memoir^ have attempted 
to prove, 

I refrain fix)ra alluding to the negative results obtmned by Mr. Faraday 
in repeating M. Weber's experiments ; for though admirably suited to the 
exhibition of certain effects of ordinary irifliu tinn, "!\fr. Fiiraday himself has 
shown how unsuitable the apparatus employed would be lor tiie investiga- 
taon of the question of diamagnetie polarity. See Eraerimeatal Reseaidief 
(2663, 2664), vol. iii. p, 143.- J. T., May 9, 1865. 

f Commtinirntf'fl by the Author. 

X Annaks de Chmie et de Physique, 3 s^. vol. xvi. 
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By adding to these nomberti the respective quantities of 
oxygen required for their maximum ozidalion^ we arrive at the 
formula — 

AsO»+3SnO«, 

which requires — 

Tin . • 44-52 Arsenic . . 2S-3i 

Dried in the stove at 120^ C, the loss amounted to 25*8 per 
cent.« corresponding to 10 equivalents. 

The formation of an insoluble arseniate of tin is nothing new 
of itself^ for it has long been known that metalloidic adds form 
insoluble precipitates wi th certain insoluble metallic acids. I only 
point out the favourable circumstance by which a constant com- 
pound is formed^ namely, by taking care to operate with an excess 
of the metalloidic acid* Phosphoric acid in excess gives with 
peroxide of tin, — 

PO^aSnO^ + lOHO. 

M. Lcvol, in seeking for an easy method to ascertain the 
quantity of arsenic in the metals and their alloys, operated in all 
his experiments with an excess of the au talUc oxide, by which 
he obtained but imperfect precipitates of ini vviih arsenic (or 
antimony with arsenic). This led him to abandon the hope of 
determining this element by precipitation ; he says, ''the increase 
of weight which arsenic acid obtains by its combination with hy- 
drated peroxide of tin (or antimony) did not appear to me a 
sufficient warrant for determining tiie arsenic from it in a 
rigorous analysis/' 

M. LevoPs combining proportion varies firom 1 of arsenic to 
15, and 20 of tin : but operating under different circumstances, 
I am able to combine 12*72 of the metalloid with 20 of the metal. 
The above result may he applied in quantitative analysis^ when 
a mere calculation will replace the delicate and somewhat com- 
plicated operation of M. Levol. I turned this formation of the 
constant compound AsO'^SSnO^ to aeeoant in the analysis of 
the commercial staunates of soda, containing large admixtures of 
arseniate of soda. 

To a known weight of a commercial staunate I add a known 
quantity of arseniate of soda f boil with an excess of nitric acid, 
collect the insoluble arseniate of tin AsO* 2SnO', and from its 
weight calculate the aninimt of arsenic acid and peroxide of tin. 

The liquid filtrates are treated with sulphuretted hydrogen, to 
throw down as sulphuret of arsenic the excess of arsenic acid 
added intentionally. The amount of arsenic acid found, and the 
amount added intentionally being known, it will be easy to cal- 
culate the original quantity which the stannate contained. 



Digitized by 



U&Z ExperiaunU on some of the Con^fwunds of Tin wUh Jreenic* 

Decomposition of AsO^ 2SnO* 1 OiiO. 

In presence of an excess of a fixed alkali (soda mvd) this arse- 
niate of tin is split into two different soda -alt , one of wliich 
contains all the arsenic, and crystallizes at first iu ^ilky needles, 
while the mother-liquors consist of ordinary staiiuate of soda: 
the reaction takes ])laee according to the equation — 

2(AsO^ 2SaO^) + 9NaO=2(A80^6NaO,SnO«) + 3(Sn02 NaO). 

w , / 

This same salt is also obtained by boiling 2 equivalents of ter- 
basic arseniate of soda with 1 equivalent of hydrated peroxide 
of tin. (When hydrate of aluimna is taken, an arseniate of alu- 
mina and soda is ubiaiucd.) To analyse the tin salt, I deter- 
mined each constituent by cIiiLct processes. 

A current of hot air deprived of its carbonic acid passed over 
100 parts of the salt, gave a loss of 48 per cent, of water. 

100 parts treated with an excess of boiling nitric acid gave 
13*95 parts of the insoluble arseniate of tin, AsO^ 2SnO^ corre- 
sponding to^ 

7*887 SnO«=2 eqiiivs. 
6-068 AsO* =1 eqaiv. 

13-95 

100 parts acidulated with hydrochloric acid, treated with a 
current of sulphuretted hydrogen, gave 41*5 parts of double 
sulphuret of tin and arsenic. 

These two weights being ascertained^ a mere esleulation may 
be eabstitnted foe the tedioos operation of M, Levol^ for it^remains 
only to calculate the corresponding amount of double sulphurets 
which 18'95 parts of arseniate of tin would fonoi to be deducted 
ftom the total amount of double sulphuret^ 41*5^ obtained; as 
jfb}lows:-r 

18*95 of AsO* 2SnO«-15'82B=A8S& 2SnS« ; 

and 15*825 AsS^ 2SnS^ deducted from 41*5 double sulphuret^ 
leaves 25-6/5 of AsS'''= 1 ;) U5 AsO^ 

By evaporiitin^ to dryuess the hydrochionu acid liltrates, I get 
37 of chloride of sodium =19*6 soda. 

BecapiUdaiion of the Numbers* 

"BqvMleot 

By experiment. Calculated. numbers. 
AsO^ . , 25*113 24-4^42 115 1 eq. 

SnO« . . 7-887 7*970 93 3 



••• 



NaO . . 19-6 19-766 37*5 ^ ... 

HO . . 48 4 7*822 225 25 

lOO-e^ 100000 470*5 



* 
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The formula of this salt is therefore — 

2(AbO^ 6NaO SuO^) 50UO. 

Staniuitc of siKla is used as a mordant inpriut and dye works. 
1 have made minierous experiments on a large scale to decide 
whether in calico printing or dyeing, the hydj*ated peroxide ai 
tin alone would be preferable to an arseniate of peroxide of tun 
aa a inordaat. The reault of comparative trials leads me to give 
the preference to bydrated peroxide of tin alone, the wiona 
sbades being more brilliant and less liable to unevenneas tbui 
wben arsemc add is present. It would be desirable to substi- 
tute in commerce a purer stannate of soda for that at present 
sold, as well as for that containing arseniate of soda. 

These experiments were made in the laboratory of Harrison 
Blair, Esq., near Manchester, who l^n^ afforded me every op* 
portunity for carrying out the same, l^ey bave led at least to 
this practical fact, that the danger arising from the employment 
of arseniates in stannates of soda may be obviated by the use of 
a pure stannate of soda alone. 



XXXYI. ImprovemeniB on a Dew-point Hygrometer htefy dip- 
eeribed by the Author*. By Professor OoNNELLf. 

AEEW simple alterations have greatly facilitated the em- 
ployment of this instrument, and at the same time made 
it ccmsiderably less liable to injury. It oonsists, as will be leool- 
lected, of a little bottle of thin brass, into which the bulb of a 
thermometer is introduced so as to fit air-tight, and the neck of 
which is attached laterally to a small exhausting syringe. iBther 
having been previously introduced into the bottle, the temperar 
ture is by a gradual process of exhau st io n reduced, until moisture 
begins to be condensed on the polished surface of the botdCi 
wben the temperature of deposition is indicated by the thermo- 
meter. A little collar of ivory is introduced between the bottle 
and the syringe to prevent the heat produced by the friction of 
the piston and cylinder from being communicated to the bottle. 
The valves of the syringe arc made of gold-beater's leaf, as the 
vapour of the aether was found to act on valves of oiled silk. 

As washers of leather required to be introduced on both sides 
of the ivory collar to make the connexions air-tiirlit, considerable 
difficulty was experienced, from the varying thickness of these 

* Bdhilnu'ffh Phflosuphical T^factions lor 1804, and Phjlosophiiial 

Magazine, vol. viii. p. 8] . 

t Coramunicated by the Author, having been read to the Phyocsl 
Section of the Brituih Association at Glasgow, September 17> 
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washers, in bringing the bottle \vith tlio inserted thevmometer into 
the proper vertical position. This inconvenience has been com- 
pletely remedied by c 'liiiectinG: the neck of the bottle with the 
syringe by im aus ui a coupling scrcu, instead of an ordinary screw. 
In this way the bottle and thermometer can be at once broiight 
into any required position^without the use of any washer at all on 
that side; and as the screw projecting from the ivory collar on that 
aide is now made of brass^ instead of being of ivory as before, it is 
not subject to fracture when any little additional force is necessary 
in order to unscrew it. In this way both additional fedlity of 
manipulation and additional security from accident are attained. 
This alteration also creates much greater facility of attachment, 
according to the varying nature or position of the fixtures to 
which the clamp which secures the instrument when in opera- 
tion is made &8t. The form of the key employed in screwing 
and unscrewing the bottle and ivory collar has also been altered 
in a way which does not risk the fracture of tlic collar as the 
previous one did. It now grasps the collar externally, like that 
used for an air-pump or gas-holder. The new forms of screw, 
ivory valve-piece, and key, can easily be adapted to any inatru- 
ment which has been constructed in the original manner. 

It is also satisfactory to be able to state, that during this 
summer I have had ample experience of the instrument being 
in all its parts quite calculated to stand the ordinary concussions 
of travelling, having carried it with me in its proper case in my 
ordinary baggage, dm-ing a tuur on the Continent, without injury 
to any part of it. On this occasion 1 have also found that it 
worked equally well as at home, in the various situations in 
which I employed it in Germany, Switzerland and France^. 

It may be mentioned that the gold-beater^s leaf valve is con- 
Btraeted by folding a piece of that material, 2 inches long by 
\ an inch wide, first longitudinally and then transversely; This 
fourfold portion is then placed across the valve-piece and secured 
in its place by two or three coils of silk thread, and the super- 
fluous leaf and thread cut away by a sharp pen-knife> A drop 
of sperm oil on the point of the knife is then passed care- 
fully under the leaf and the knife instantly withdrawn. Gentle 
pressure by the point of the finger causes the oil to pass over 
the whole surface under the leaf. The proper state of the valve 
is ascertained both by blowing and suction. 

* In order to meet the wishes of those who may de^re to find their own 
bottles for ajther and olive oil, Mr. Kemp of Ediuburgh has fitted up all 
the essential parts of the instniment in a smallor and less expensive case, 
which be finds he can afford to sell at two-thirds of the cost of the more 
complete anan^iiie&t; those^ however, who may wish to have everything 
necesMiy at Ihev hand, can still obtaiii from him the coiiq»lete coUectioa 
m thdr proper case. 
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In the use of this hygrometer, the person of the experimenter 
can easily be kept at a sufficient distance from the condensing 
sui race; and in the ordinary mode of operatiiiG: at an open win- 
dow whilst the little brass bottle is in the open au', the body of 
the experimenter is of course in the room. Were it thought 
necessary, a small telescope or opera-glas9 might be used to 
obmre the surface, whilst the handle <^ the piston-rod might 
he lengthened so as to admit of still greater distance. 



XXX VII. Notices respecting New Books. 

Experimental Researches in Electricity. By Michael Faraday, 
D.C.L.f FJt^S. 4c. J^c. 3 vols. 8vo. London: Taylor and 

Francis. 

'^I'^HREE volumes of Faraday's Experimental Researches are now 
before the public. They emhrnee his contributions to the 
Philoso] liical iraiisactions, the Piiilusophical Magazine, and other 
journals during a period of upwards of thirty years. The tirst of these 
Tolomes opens with the celebrated memoir on Voltaic and Magneto* 
electric Induction. In the year 1820 Arago and Humboldt were 
making experiments on terrestrial magnetbm on the slope of Ghreen- 
wich Hill : Arago observed that the magnetic needle came more 
quickly to a state of rest when in proximity with certain bodies, 
and following up this observation he founded upon it his so-called 
magnetism of rotation. The investigation of the force which pro- 
duced the rotation of the magnetic needle occupied for years the 
attention of English and continental philosophers; exact experi- 
ments were made and explanations given, all of which, however, 
were overtfaxown by the subsequent experiments of Arago himself. 
The fact stood forth as a challenge to the natural jihilosophers of 
the day, until in the year 1831 Faraday crushed the difficulty, and 
embrnced the discovery of Arago in tliat of magneto-electric induc- 
tion — a diecuvery which rivals in importance that of the pile by 
Volta, and, indeed, already threatens to supersede the latter in its 
most important practical applications. 

There are men, who, having made a great discovery — having passed 
the trying fhmace of thought through which such a result is ap- 
proached,— rest contented with their achievement, and evince no 
desire to renev/ the struggle by which their laurels were won. 'I'hc 
great Italian whose name we have mentioned, suffers in this respect 
by a comparison with Faraday. The latter drew from his dis- 
covery courage and strength to go on to others, and the volumes 
now before us are the practical record of a life of scientific activity 
unexampled in result since the time of Newton. Faraday has 
not been disciplined in the accredited schools of science: he 
has figured the operations of nature in his own fashion before his 
mental eye, and the ven,'' richness of his imagination in this respect 
often places his readers in difficulty. We question much whether 
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tiioae who dwdl moet upon Faraday's simplicity of expression are 
reaUy aware of the effort lomedmei required to nndeifstaad him* 

Such a man is not to be skimmed over lUperfieiaUy; he eapnot 
make bis thoughts an alphabet for children, and those who would 

accompany him to tlic (le])th8 from which he speaks must be 
prepared to encounter difficulties in the way. Often indeed he 
speaks in a language not generally known even among scientitic men. 
As Kant iu the ' Critic of Pure lleason' was almost necessitated 
to elaborate a new langut^e for himself, so the incessant con- 
tact with new truths which it has beeu Faraday's fortune to 
experience has rendered a divergence from the accredited forms 
expre^ion necessary to him. He has seen tiieories fade before th^ 
stem realities which he has brought to light, and it is therefore im- 
possible for him to make use of the language of those theories with 
the undoubting confidence of those who believe in them. An appa- 
rent vagueness may sometimes be the result of this scepticism, but 
this is inevitable with the man, who, working on the boundaries of 
sdence, discerns the inadequacies of received notions, and has to 
cross a chasm of doubt and darkness in his transition from the 
defective to the true. 

The salient qualities of Faraday's scientific character manifest 
themselves from the beginning to the end of these volumes,— a 
union of ardour and patience, the former prompting the attack, the 
latter holding him to his subject until he has obtained complete 
possession ui it. Every cxperiuieiit i.s a wedge wliich opens a way 
before it to other results. He places his suliject in aU imaginahle 
positions, looks round it, and ohserves all its outlying relations. Give 
him hold of a &et and the probability u that he wiU draw a hundred 
after it, and so master its dependencies as to leave his followers 
nothing to find. How strikingly is he in thtM respect contrasted with 
Oersted, who, having made a great discovery, seemed to have a wall of 
adamant Ijiiill round his intellect to prevent him from pur&uing it to 
its coubei^ueuces. Fructilied by this man's intellecc, each fact be- 
comes a seedling which ev«r nnoats and blossoms Into new results. 

The memoir to which ve have referred as oommeodng the first 
volume is followed by others of great importance ; — on the Identity 
of Electricity, &c., — on the Laws of Electric Conduction, wherein 
the remarkable influence of fusion upon conducting power is made 
manliest, — on Electro-Chemical Decomposition, — on the Power of 
Platinum to induce Combination, — on the Definite Nature and 
Extent of the Chemical 1^'orces — a memoir of incalculable value, 
which excited the thoughts and admiration of even metaphysicians 
at the time of its publication, and at the- present moment stirs pro* 
fbundly the minds of scientific men. Faraday has introduced many 
new terms into science, and the utility of some may not be manifest 
to superficial thought. But scientific terms, arising as they often do 
out of theoretic contemplations, often introduce something more 
than, or different from, the fact into the mind, and hence the possible 
injury arising from their use. i araday's couistaiil effort has been to 
displace those terms which carry with them foregone coudasions by 
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othen of a character so neutral that the thought ahaU be vminflu- 
eneed by the term. Pnsaing over many minor papers we arrive at the 
important memoirs on Static Induction, on Conduction, and on Induc« 
tion in Curved Lines. The latter idea reveals perhaps asclearly as any 

other the profound and subtle character of Faraday's mind. The que3* 
tion he proposes to hiiaself is : "How is the electric power propa- 
gated ? Does it act like the force of gravity at a distance without the 
help of interveniug matter, or does it act in virtue of such inter- 
vention? " He reflects thus : If it be a force acting at a distance, this 
force will act in the straight line which unites each pair of active 
points, but if it be a force which propagates itself by the agency of 
material particles, there is every reason to suppose that it may act 
in curved lines, as sound, for example, which depends on the atmo- 
sphere for its propagation, can turn round a corner, or waves of 
water round a rock. Reasoning in the inverse way, if it can be 
established that the electric force propagates^itself in curved lines, it 
may certainly be inferred from thu that it requires a material 
medium for its propagation. Faraday believes that his experiments 
establish the latter point ; others doubt it ; but however this may be» 
the profound and philosophic nature of the thought which guided 
him is manifest. We may not be able to make Faraday's mode of 
symbolizing the operations of nature our own, but when we reflect 
upon the success which has attended his efforts, on the fact that 
his peculiar symbols enabled him to foresee results of which no 
other electridan dreamed, and which after a lapse of twenty years 
accident has brought to light, we are warned against being dugmatic ' 
on theoretic mattors^ and Team the salutary lesson, that the oompe« 
tent and earnest searcher after truth has other avenues than our 
licensed scientific turnpikes into nature. 

The second volume of the Experimental Researches contains valu- 
able papers on the Electricity of the Gyranotus, on the Source of 
Power in the Voltaic Pile, on the Electricity evolved by the Friction 
of Water and Steam, in which the principles of the hydro-electric 
machine of Armstrong are fully developed, a paper on Magnetic 
Rotations, dating as fax back as 1821, some speculative observations^ 
and the writer's letters in the only controversy whidi has ever dis- 
turbed his peaceful life. The memoir on the Source of Power in 
the Voltaic Pile is of peculiar importance. The arguments Avhlch it 
contains appear to us to overthrow wholly the hypothesis of contact 
as main tamed by Volta. The doctrine of the conservation of force 
has received formal expression at the hands of many recent investi« 
gators, but the idea appears to have been a guiding light to Faraday 
throughout his entire scientific career, and the explicit statement 
of this principle at page 103 of the present volume places a diffi- 
culty in the way of the theory of contact which has never yet been 
overcome. 

The third volume oj)eiis with nn account of one of the most 
remarkable discoveries of modern tiuieSi entitled by the author, " the 
Magnetization of light and the IQuminstion of Magnetic Lines of 
Force," and expressed in the theoretic language usual in ouir day, 

Phil. Mag. S. 4. Vol. 10. No. 66. OcL 1855, X 
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" the Rotation of the Plane of Polarization of a Luminous Ray. Up 
to the present time the value of this discovery bea been principally 
fuggestive; no new fikcthae been added to ^e^ subject since it left 

the hands of Faraday. A connexion between light and magnetism 
|e here indicated which none of our theories would have enabled us 
fo predict. None of our hypotheses would liave prompted us to 
seek this result ; they would rather have dissuaded us from the 
attempt, but this man sech the generally fleeting nature of thoae 
images by which the operations of nfiture are rendci ed tangible to the 
human mind, and is not to be warped from his path by u by mbol* The 
method of true aetentific inveatigation is probably inoommnnicable; 
it belonga to the individual rather than to the ayatem, and our con- 
temponrieaf we think, miss their mark when they point at Faraday's 
researches as simply illustrative of the power of inductive philo- 
sophy. Faraday's researches are illustrative of tiie power of a strong 
and independent soul, expressing itself after its own methods, and 
acknowledging no mediator between it and Nature. You may fill 
your brain with inductive philosophy, but without the God*given 
force which diia man posaeaaea, and which signalicea him from all- 
otliera at the present day, you will never accomplish what he haa 
accomplished. Hotly following the diacovery of the rotation of the 
plane of polarization is that of dinmagnetism. At the end of the 
In^^t century Bruggmanns had actually shown that a magnetic needle 
waa re])f lied by a mass of Iji-^muth: here he stopped. Le BailiifF 
repeated liie e:^perimeut with bismuth aud antimony: here he 
atopped. Seebeck and others haTC touched upon the aame aul^ect ; 
the cherry struck againat th^ lipa, but thiy fiuled to take it m,* 
These ingmentazy glances excited a momentary curiosity and 
were almost forgotten, until Faraday, without knowing anything 
of the experiments alluded to, rediscovered the same facts, but 
instead of stojtping, he made them the inlet to a new and vast 
scientific doniiun, in which philoi^ojihers of all countrieB now find 
occupation. I he value of 1 araduy i» di&coverieiQ consists in a great 
de(|ree in the amount of intellectual power which they call into 
action. It has been hir good fortune to alight, not upon the iso- 
lated nuggets of acience, which, while enriching himself might have ' 
left others without a share, but to strike the golden lodes at which 
the highest scientific spirits of the present age have worked, and at 
which thousands yet to come will work with iiicalculabie benefit to 
mankind. 

The present volume contains numerous ulishoots from the great 
discovery just alluded to,^the anth<Mr'a experimenta and apeculationa 

on Magne-crystallic Action.-^the Magnetiim of the Atmoepherei 

and its possible Influence upon the Diurnal Variation of the Mag^. 
netic Needle, — on the Nature of the Lines of Magnetic Force, — on 
Electric Induction in Subterranean Telegraph Wires, and ]>apers on 
other kindred subjects. The mention of the telegraph reminds us 
of the application of the author's own discovery to telegraphic pur- 
poaea, whereby the grave difficulties presented to the transmission 
of ordinary voltaic euctricity through aabtemneaa wirca are pno- 
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tically overcome. The puUic never hear Fftraday's name mentioned 
in conneidon with the electric telcgrax)h— vcftrcely that of Vdta i 
the public contemplate tiie flower, but see not the roots from which 
its petals are fed ; the men who have given the telegraph its present 
practical form are deserving of public esteem, and have obtained 
both it and more substantial marks of public appreciation ; and yet 
the merits of Faraday, in comparison with such men, are about in the 
ratio of Prometheus to Dr. Kahn. Down deep in the mysteries ©f 
Nature^ he and his great confrhre Volta found the forces which 
pulse through the telegraphic wire. Honour to those who by their 
me ch a nic a l sldli have brought these gnat discoveries home to human 
hearths, and made them the ministers of society ; but a higlier and 
nobler meed be his- who brought us the fire from heaven which 
imparts life and activity to the telcn;rapliic mechanism, lliis is 
the position of Faraday, this the position of Volta, althuugh neither 
of them even derive the poor breath of popular applause in return 
fot their transcendent services. 

• This leads us into sober reieetiona. The pubUo new can know 
and appreciate the national value of sneh a man as Faraday. Ha 

does not work to please the public* nor to win its guineas ; and 
the said public, if asked its opinion as to the practical value of his 
researchc!^, c;in see no possible practical issue there. I he publio 
does not know tiiat we need prophets more than mechanics in 
science, — inspired men, who, by patient self-denial and tiie exercise 
of the high intelleetnal gifts of the Gkeator, bring us iatelligencs of 
Hu ddngs in Nature. To them their pnrsuitt are good 'm them* 
adves. Their chief reward is the ddight of being admitted into 
communion with Nature, the pleasure of tracing oat and prodahodng 
her laws, wholly forn^etful whether those l'd%v9 will ever augment 
our banker's account or improve our knowledge of cookery. Such 
men, thoug^h not httnonred by the title of 'practical,' are they 
which make practical men possible. They bring us the tamed 
foreea of Natnfe> and leave it to otheia to oontriYe the maehtnery 
to whieh they may be yoked. The labour of the prophet, as we haTO 
called him» is unpurchaseable. Nevertheless he is a man, has the 
needs of a man, and« as age advances, feels the infirmities of a man. 
Has such a man no claim upon his country ? We know not what 
provision has been made for him whose labours are now before us : 
we only know his s^^erviccs to science and to the public, ii we 
are rightly iniormed, it was Faradaic electricity which diot the 
glad tidings of the fall of Sebastopol hom BalaUm to Varna. 
Had this man oouTerted his talent to commercial purposes, as so 
many do, we should not like to set a Umit to his professional 
income. As before stated, we do not know the equivalent prox'ided 
by Government for «nch sacrifices and such services as his, — where 
he is to rest his noble head when years have showered their sauws 
upon it. The quality of his services cannot be expressed by 
poimds, but that brave body which for forty yeara has been the 
nMtrament of that great sou], ia a fit ofagect for a nation's caro, 
em the achievements of the man are* or will one day be» the otjaet 
of a mttum'e piida and gntitnde. 
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XXX VIH. ProeeeimffB of Leaned S^ies. 

KOYAL SOCIETY. 

[Cootauied ftom p* 226.] 
June 14, 18S5.^The Lord Wrottesley, President, in the Chair. 

THE following communicatiuns were read : — 
" Remarks on the Rev. H. Moseley'a Theory of the Descent of 
CHaders." By James D. Forbes, D.O.L., F.R.S. 

la a paper " On the Descent of Glaciers," commnmcated to the 
Royal Society on the 19th of April, 1655, and printed in their Pro- 
ceeding?, the llcv. Henry Moadey has proposed an explanation of 
that phenomenon . 

The first part of his paper contuiiis a lucid description of the 
eraduai motion of a sheet of lead covering the ruof of Bristol Cathe- 
dial, which he ascribes (I have no doubt justly) to the successive 
eiqiensionsaiid oontraetions of the lead by attnospheric temperatnte. 
He explains tne influence of the slope of the roof and of the measure 
of friction upon the motion with his customary precision and c]ear« 
' np?«. He also finds for the probable measure of the effect or creep- 
ing motion of tlie lead, a quantity which, considering the imperfect 
nature of the data with regard to temperature, agrees sufficiently 
weii witii observation. 

In the latter and shorter part of the pauer is a transition to the 
eaae of gladers, whose motion over their beds may« he thinks, be 
accounted for in the same way, namely, by the alternate contEaction 
snd expansion of the ice hy diurnal changes of temperature, and he 
then enters into certain calculations founded principally on data 
contained in my ' Travels in the Alps of iSavoy' in confirmation of 
this view. 

Entertaining as I do the highest respect for Mr. Moseley's emi« 
nent attainments as a theoretical mechanician, it is with extreme 
regret that I find it neoessaiy, in maintenance of the views regarding 
glacier motion which I have elsewhere advanced, and in the interest 
of scientific truth, to show (as I believe I can) that Mr. Moseley 
has been led, apparently by a sudden inadvertency, to uphold an 
opinion completely indefensible. 

I must first object to Mr. Moseiey's description or definition of 
a glacier, as calculated to mislead the in^uucr : he says (p. 339), 
" glaciers are, on an increased scale" [compared to the sheet lead 
covering of a roof], sheets of ice placed upon the slopes of moun- 
tains." There are certainly some inconsiderable glaciers of the 
second grder to which this description might possibly apply, with 
the exception of the small thickness inferred by the word " slieet;" 
but the true glaciers, whose theory has been no often disi u'^^ied 
(which theory must evidently likewise include that of glaciers of the 
second order}, cannot fairly be called either ^hecla of ice or be 
accurately described as lying oh the slopes of mountains. They are 
vast icy accumulations whoee depth bears a considerable pioportioii 
to their breadth, and which fill mountain ravmea or Talkys, 
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Glaciers are very generall} hemmed in by precipitous rodcs wUcIi 
determine their eomtowrm ground plan; tbey have often to make 
their way through contracted gorges where Uie ice occupies (as in. 
the case of theiMcr de Glace ofChamouni), witliin a short distance, 
a channel but half as wide as it did before. Yet the g:lacier, pre- 
serving its continuity as a whole, expands or contracts in conformity 
with the irregularities, not only of its lateral walls, but of its bed, 
forcing itself over obstacles, or even occasionally allowing itself to 
be cleft into two branches by them, and closing again into a united 
mass after the insular obstruction has been past. To speak of such 
resistances of tfie channel to the progress of the ice as mere friction, 
or of a glacier considered as a solid body and in its whole extent 
(or in any considerable part of it) as having an angle of repose^ as in 
the case of |i' Substance with a fiat base resting on an inclined plane, 
is evidently inadmissible and tends to raitflead. The valley of the 
Mer de Glace might have almost any possible inclination before the 
ice'would tend to slide out of it en nuuae, for it is moulded to eveiy 
rinuoaty or protuberance of the bed, whether vertical or horizontal. 
Let Mr. Moseley imagine a sheet of lead having the ground plan of 
the Mer de Glace and confined by margins of wood accurately 
adapted to it, and he will see that unless lead v:ere ?o ductile as to 
he entith d to the appellation of a semifluid, no motion could possibly 
result, however great might be the slope on which it lay. 

I am sorry to iiiid that Mr. Moseley denies entirely (p. 341) the 
viscous or plastic structure of a leader as " not consistent with the 
hct that no viscosity can be traced in its parts when separated."^ 
The answer to this objectioa seems to be merely thb; that the 
wcosity, though it cannot be '* traced" in the parts, if very minute, 
nevertheless exists there, as unequivocally proved by experiment on 
the large scale, or even on spaces several yards or fathoms in extent*. 
The plastic condition of a glacier is, as I have repeatedly stated, no 
longer an iiypo thesis, but a fact, since I have in many places demon- 
strated that, account for it as w^ may » difoent portions of the same 
continuous mass of ice are moving at the same moment with dif- 
ferent velocities. That a small piece of ice is not sensibly plastic, is 
not more strange than that the fine blue colour so perceptible in the 
glacier totally vanishes in its constituent fragments. That ductility 
and fracji/ity B.TC not incompatible qualities, is shown by the fact, that 
sealing-wax at moderate atmosj)he)ir temperatures will mould itself 
{with time) to the most delicate iucqaaiiLies of the suvface on which 
it rests, under a pressure of not more tiian half an Inch of its sub* 
stance, but may at the same time be shivered to atoms by a blow 
with a hammer. 

The question of plasticity, however, affects only mediately Mr. 

Moseley's theory of the primary'- cause of motion by dilatation and 
contraction. According to the views I support, the dilatation and 
contraction of the ice of glaciers (assuming it to exist) would be in- 
eflicient to move the mtu::! unlesb it moved plastically j and if it 
moves plastically, the supposition of its thermal expansion is, at all 

* See PhiL Trans. 1846, p. 162, and PhiL Magame (1845), uvL p. 414. 
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events, saperfluow, since gravitf is in that case a snffident movmgf 
force. 

But, it will be argued, if the ice be really acted on by heat and 
cold fi^< Mr. IVToaeley supposes, it is a vera causa of motion and can- 
not l)e neglected. And here we join issue respecting the physical 
tbeory proposed. 

Mr. Aloseley's explanation of the descent of the lead on a roof at 
an angle much below that at which motion could take place bj 
gravity, friction bdng allowed for (the ongh of repote), amonnts 
to this, that every increase of temperature of the mass by the heat 
of the day expanding it, pushes the lower end downwards more than 
it pushes the upper end upwards ; whilst the cold of the night re- 
tracts a little the lower end, but (being favoured by the slope) it 
pulls down the upper end more than it had been pushed up during 
the heat of the day, and thus by a species of vermicular motion im- 
pels tiie body down the indinol plane. The motion, is calculated 
nom a formwa indudiDg the absolute expaneibility of lead, the slope 
of the roof, the angle of repose, and the diurnal range of tempera- 
ture. Taking then corresponding data for the Mer de Glace of 
Ghamouni, assuming 30° to be the angle of repose of n n:kcier upon 
its bed, taking the expansion of ice to be nearly double that of lead 
(according to experiments made at St. Petersburgh), and the daily 
range of temperature of the ice to be the same as that of the air ob- 
served by De Saiissure on the Col du G^t in the month of July, 
Mr. Moseley calculates the daily descent of the glacier opposite the 
Montanvert and compares it with my observations. 

Waiving for the moment all other objections, can we pumUff attru 
bute to the ice of the entire mass of this vast glacii^ an average daily 
range of temperature o f 4^° of Reaumur or 9^" qf Fahrenheit } The 
idea seems to me to be perfectly untenable. 

The expansion and contractiuii of ice by lieut and cold can of 
course only take place hehw the fireezmg-point, or 32^. Let it be 
percolated by water as it may, it cannot rise abow that temperature 
nor expand in the smallest degree. But it is a matter perfectly 
notorious, that, at least in summer, and throughout the whole extent 
of the Glacier Proper, and even far into tlu* region of the n'W, the 
glacier is charged with percolating water derived from superficial 
fusion. Mr, Moseley admits this, and even attributes the diurnal 
oscillatiun ui temperature which he assumes^ to the action of water, 
as in tiie following passage : Glaciers sre, on an Increased scale, 
idkeets of ice placed upon we slopes of mountsins, and eubjected to 
atmospheric variations of temperature throughout their masses by 
variations in the quantity and the temperature of the water, which 
flowing from the surface ever^nvhere percolaten them'* (p. 339). 
This action therefore clearly brings the temperature of the ice up 
to 32° during the day. But how is the cold ol tlie night to operate 
in reducing the temperature of a mass of ice certainly from ^00 to 
600 or more fSeet in thickness through the enormous average depres- 
sion of 9t degrees ? The water so efficient by its percolation in 
raiamg the temperature (if necessary) to 32^ lieing frozen, is now 
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powerless. Cold can be conveyed downwards, or to speak more 
correctly, heat can be transmitted upwards through the ice only by 
the slow process of conduction, and this on the supposition that the 
depression of superficial temperature is all that the theory might 
require. But how stands the fact? Mr. Moseley quotes from De 
Saussure the following daili^ ranges of the temperature of the aii- in 
the month of July at the Col du O^t and at Chamoniii, between 
' which pomtB the glacier lies. 

At the Goi du Geant 4 257 Reaumur. 
At Ghamouni 10^*092 Reaumur. 

And he assumes " the same mean daily variation of temperature ta 
obtain throughout the length" [and depth?] "of the Glacier da 
G^t which Pe Saoflsure observed in July at the Col du Gtot." 
But between what limitB does the temperature of the air oscillate ? 
We find, by referring to the third volume of De Saussure's Travels, 
that the mean temperature of the coldest hour* (4 a.m.) during his 
stay at the Col du Geant was 0°*457 Reaumur, or 33°'03 Fahrenheit, 
and of the warmest (2 r.M.)4°*714 Reaumur, or42°"61 Fahrenheit f. 
So that even upon that exposed ridge, Ijetween 2000 and 3000 feet 
above where the glacier can be properly said to commence, the 
air does not, on an average of the month of July, reach the freezing- 
point at any hour of the night. Consequently the range of tempera- 
ture attributed to the glacier is between limits absolutely incapable of 
Meeting the expansion of the ice in the smallest degree* This would 
of course be still more applicable if we take the mean of the tempe- 
ratures at Ghamouni rind the Col du Gdant to present the general 
atmospheric conditions to which the glacier is exposed. 

It is in summer tiiat the glacier moves fastest; it is with my 
observations of motion in Julg that Mr. Moseley compares the results 
of his theory : and therefore it is of no avail to say that there are 
periods of the year when congelation penetrates at night some inches, 
or even it may he some feet into the ice, and when therefore the 
sensible heat of the glacier may be considered to vary, though, if 
regard be had to its vast thickness, it must he on an average and in 
the most extreme circumstances to an absolutely inappreciable 
degree. 

Lastly, Mr. Moseley, whilst condemning^ in the following passage 
the theory of glader motion by the dilatation of water in the inter^ 
stices of the ice, clearly passes sentence on his own, which could not 

come into action until the other had already produced its effects: 
" The theory of Charpentier, which attributes the descent of the gla- 
cier to the daily congelation of the water which percolates it, and 
the expansion of its mass consequent thereon, whilst it assigns a 
cause which, so far as it operates, cannot, as I have shown, but 
cause a glacier to descend, appears to me to assign one inadequate 
to the result ; for the congelation of the water wbich percolates the 

* The obMnttioiia were made every two honn day sad night. 

t The eoricspoDdIng eitremes at Caanioqiii ere 93*''25 and 75*^16 Fshr. 
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gkcier does not« ftceording to the obeervatioiiB of FrofeBSor Forbes, 
take place at all in summer mofe than a few inches from the sur- 
face. Nevertheless it is in summer that the daily motion of the 
glacier is greatest." (Moseley, Proc. R.S. vol. vii. p :!4 1 ) 

•* Researches on the Foraminifera. — Part I, General Introduction, 
and Monograph of the Genus OrHtatiies** By Wiliiam B. Car- 
penter, ]M.D., F.R.S., F.G.S. &c. 

The grouj) of Foraminifera being one as to the stni future and 
physiology of which our knowledge is confessedly very mii)crfcct, 
and for the natural classification of which there is consequently no 
safe basis, the author has undertaken a careful study of some of its 
chief typical forms, in order to elucidate (so far as may he pos- 
sible) their history as living beings, and to determine the value of 
the characters 'which they present to the systemntist. In the pre- 
sent mernoir, lie details the structnre of one of the lowest of these 
- types, Urbitolites, with great minuteness; his ohject having Ijcen, 
not merely to present the resulls of his investigations, but also to 
exhibit the method by which they have been attained ; that method 
essentially consisting in the minute examination and comparison of 
a larffe number of specimens. 

The Orhitolite has been chiefly knowo, until recently, through the 
abundance of its fossil remains in the Eocene beds of tlie Paris 
basin; but the author, having been fortunate enough to obtain an 
extensive series of recent specimens, chiefly from the coast of 
Australia, has applied liimsclf rather to these as his sources of in- 
formation ; especially as the animals of some of them have been suf- 
ficiently well preserved by immersion in spirits, to permit their cha- 
racters to be well made out. 

As might have been anticipated from our knowledge of their con- 
geners, these animals belong to the Rhizopodous type ; the soft body 
consisting of sarcode, without digestive cavity or organs of any kind ; 
and being made up of a number of segments, equal and similar to 
each other, which are arranged in concentric zones round a central 
nucleus. This body is invested by a calcareous shell, in the sub- 
stance of which no minute structure can be discerned, but which 
bas the form of a circular disk, marked on the suiface by concentric 
zones of closed cells, and having minute pores at the margin. 
Starting from the central nucleus, — which consists of a pear-shaped 
mass of sarcode, nearly ?nrrounded by a larger mass connected with 
it by a peduncle, — the deveiopment of the Orbitolite may take place 
either upon a simple, or upon a complex type. In the former (which 
is indicated by the circular or oval form of the cells which show 
themselves at the surfaces of the disk, and by the HnglaieaB of the 
row of marginal pores), each zone consists of but a single layer of 
segments, connected together by a single annular stobn of Sarcode ; 
and the nucleus Is connected with the first zone, and each zone with 
that which surrounds it, by radiating;- ]ierli5nclc« ]-»rocccding from this 
annulus, which, when issuing from the perij)heral zone, will pass out- 
wards through the marginal pores, probably in the form of pseudo- 
poditt. In the complex type, on the other hand (which is indicated 
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liy the tuarrow and 9tnttglU»9iied form of the superfieia] cefls, and 
by the mnUUplieatUm of Uie horiaontal rows ol margioal pores), the 
segments of the concentric zones are elongated into vertical columna 

with imi)eifect constrictions at intervals ; instead of a sinj;;le annular 
stolon, there arc two, one at cither end of these columns, between 
which, moreover, there are usually other lateral communications; 
whilst the radiating peduncles, which connect one zone with another, 
are also multiplied, so as to lie in several planes. Moreover, be- 
tween each annular stolon and the neighbouring euiface of the disk* 
there ia a layer of superficial segments, distinct from the Tertical 
columns, but connected with the annular stolons; these occupy the 
narrow elongated cells just mentioned, which constitute two super- 
ficial layers \\\ tlie disks of this type, between which is the itUerme' 
dhttp layer occupied by the columnar segments. 

i hose two types seem to be so completely dissimilar, that they 
could scarcely have been supposed to belong to the same species ; 
but the examination of a large number of specimens shows, that 
although one is often developed to a considerable size upon tiie 
simple type, whilst another commences even from the centre upon 
the complex type, yet that many individuals which begin life, and 
form an indefinite number of annuli, upon the simple type, then take 
on the more complex mode of development. 

The author then points out what may be gathered from observa- 
tion and irum deduction respecting the Nutrition and mode of 
Growth of these creatures. He shows that the former is probably 
accomplished, as in otiier Rhizopods, by the entanglement and draw- 
ing in of minute vegetable particles, through the instrumentality of 
the pseudopodia ; and that the addition of new zones probably takes 
place by the extension of the sarcode throui^h the marginal pores, 
so as to form a complete annulus, thickened at intervals into seg- 
ments, and narrowed between these into connecting stolons, the 
shell being probably produced by the calcification of their outer por- 
tions. And this view he supports by the results of the examination 
of a number of specimens, in which reparaHon of injuries has taken 
place. Regarding the Reprodueiion of Orbitolites, he is only able 
to suggest that certain minute spherical masses of sarcode, with 
which some of the cells are filled, may be gemmvlrs; and that other 
bodies, enclosed in firm envelopes, which he has more rarely met 
with, but which i-ocm to break their way out of the superficial cells, 
may be ova. But on this part of the inquiry, nothing save observa- 
tion of the animals in their living state can give satisfactory results. 

The regular type of structure just described is subject to nume- 
rous variatumB, into a minute description of which the author next 
enters ; the general results being, that neither the shape nor dimen- 
sions of the cnth c disk, the size of the rmcleiis or of the cells form- 
ing the concentric zones, the surface-markings iiuiic;itiiif^ the shape 
of the superficial cells, nor the early mode of growth (whicii, though 
typically cyclical, sometimes approximates to a spiral), can serve as 
distinctive characters of species ; since, whilst they are all found to 
present most remarkaUe differenoet, these difiemceSf b«iiig strictly 
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gradationol, can only be considered as distinguishiiig indhUuak, 

It thus follows that a very wide range of variation exists in tliis 

type ; so that numerous forms which would he unhesitatingly 
accounted specifically difterent, if only the most divergent examples 
were brought into comparison, are found, by the discovery of those 
intermediate links which a large collection can alone supply, to be- 
Jong to one and the same specific type. 

' After noticing some curious mim»tro9lti99, resulting from an un- 

.usual outgrowth of the central nucleus, the author proceeds to in* 
quire into the essential character of the Orbitolite, and its relations 

to other tvpe« of structure. He j)lRrp« it among- the very lowest 
ibrms of Foraminifera ; and rou'-idei s tlwit it approximates closely 
to sponges, some ot winch liave ^keleLoiis not very unlike the cal- 
careous net- work which intervenes between its Heshy segments. Of 
tiie spedes which the genus has been reputed to inchide* he states 
that a large proportion really belong to tiie genus ^hiUntks, whilst 
others are but varieties of the ordinary type. This last is the light 
in which he would regard the Orbitolitea complanata of the Paris 
basin ; which differs from the fully-develojied Orbitolite of the 
Australian coast in some very peculiar features (marking u less com- 
plete evuiation), which are occasionally met witli among^ recent 
forms, and which arc sometimes distiucLiy UausiUouai tuwardb the 
pnfeet ^fpe. 

The author concludes by calling attention to some general prin- 
ciples* which arise out of the present inquiry, but which are appli- 
cable to bU departments of Natural History, regarding the kind and 
ertenf of comparison on which alone specific distinctions can be 
securely based. 

June 21. — The Lord Wrottes1ey» President, in the Cluur. 

Hie following communications were read : — 

''On the Magnetism of Iron Ships^ and its accordance with 

Theory, as determined externally, in recent Experiments." By the 
Her. W. Scoresby, D.D., F.R.S. 

The magnetic condition of iron ships is a suhject of so much im- 
portance, practically and scientifically, that I liavc been induced to 
submit to the Society a few characteristic facts (hastily indeed 
brought together) derived from iccent experiments. 

In a work in the Sodety's library, entitled « Magnetical Inyesti- 
gations,' it was shown, by deductions firom an elaborate series of 

experiments on plates and bars of malleable iron, that the magnetic 
condition of iroii ships should, theoretically, be conformable to the 
direction of terrestrial induction whilst on tlic stocks ; and the re- 
ientive quality, which is so highly developed by virtue of the ham- 
mering^ and other mechanical action during Ihc building, should be 
so far iixed in the same direction, ui: to remain alter the ships might 
be launched, until disturbed by fresh mechanical action in new poai* 
tions of their head or keel. In this view, taking, for instance, the 
condition of the middle, or the main-breadth section of a ship on 
the stoekf^ the inagnetie polar.uis should assume the dizectkua of 
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the dipping-needle (with an equatoxial plane, or phme ctf no-attra^ 
tion at right angles to it), passing through or pio»mate to the 
centre of ^avity of the iron material in such section. Thus every 
ship should have a diaracteristic magnetic distribution, primarily, 

dependent on her position whilst on tlie stocks ; 80 that, being built 
with the head north or south, the equatorial plane should appear 
externally on the same horizontal level, tlie polar axis only being 
inclined from the vertical, in correspondence with the direction of 
the axis of terrealrial magnetum (Magnetical Investigations, vol. ii. 
pp. 331, 332). 

It was also inferred, that whilst such individuality of the mag- 
netie diatiibution wonld be rendered retentive on the same principles 

as this quality of magnetism is developed in bars or plates of iron 
by mechanical action, so the axial direction of the ship's magnetism 
would he liable to cttaiuje, uutler mechanical action, in new positions 
of the ship's head, ur under new reiatious ut terrestrial magnetism, 
just as the retentive magnetism is liable to change in ban or platea 
of iron if hammered, vilmited, or bent whilst held in new po- 
sitions. 

And it was further inferred, that the analogy widi plates and baia 
might be expected to hold, notwithstanding the numerous pieces of 
which the ship's hull might be composed, because, in experiments 
on combining short magnets into long series, or submittint^ piles of 
short bars of iron to terrestrial induction, it was found that nu ma- 
terial difference in the effects ocenired betwixt a sii^fe steel magnel 
of a given length, or a wngU bar of iron, and the same substance 
and dimensions combined in short or small pieces in contact. Henoe 
it was considered that an iron ship should exhibit in its general 
fabric the characteristic phenomena of one undivided mass, or a 
unity as a magnetic body. 

The^e anticipations, it will be st en (published betwixt three and 
four years ago), have, so far as we have now time to elucidate them, 
had verificatioDs, in actual experiments on iron ships, as beautiful as 
they are concluaive. 

m the case of the 'Elba,' an iron ship of 200 feet in length, built 
recently *bn the Tyne, the magnetic condition before launc^iing* 
which I was invited to investigate by Mr. Robert Newall, the owner, 
was found satisfactorily accordant with theory. Her head pointed 
south a few degrees westerly, and her lines of no-deviation (indica- 
tive of the position of the magnetic equatorial plane) were at a small 
distance in elevation ditferent on the two side^, that ot the starboard 
side being the higjihest. Proceeding in a direction at right angles to 
the dip, and passing through, or near to, the ship's general centre 
of gravity, the lines of no-attraction (descending forward) came out 
near the junction of the stem with the keel. And there^ it was re- 
markable, as I had sug^c«ted as ]>robflble to Mr. James Napier of 
Glasgow, before making any experiment, there was found a depart- 
ure from the ordinary regularity of the lines of no-attraction in a 
considerable downward bend. 

Towards the stem, the equstoiial lisps raee otti of and came above 
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ibe iron plating of the top-sides, about 40 feet fmm the tafrail;. 
thus giving to &e after'part of the ihip a onifbrm northern polarity. 

The ship, consequently, had become a huge eimple magnet — the 
north pole at tlie gtern and the soufli pt the head. The attractive 
jKJwer, as was expected, was highl}- eneii^ctlc. At the distance of 
50 feet, a compass on the level ot the keel, at right angles to it 
abreast of the stern, was deviated to an extent of above 10^ ; at 100 
feet difltance the ship's magnetism caused a deflection of about half 
a point; and at 150 and even 200 feet there was a very sensible 
disturbance ! 

In the case of the * Fiery Cross,' built at Glasgow and launched 
in January last (a ca^e which I have elsewhere referred to), the lines 
of no-deviation, as taken for me by Mr. James Napier, were still 
more rigidly in accordance with theory, — the difference of elevation 
of the observed luaes of no- deviation at the main-breadth section 
agreeing with calcnlation, theoretically, to within an inch or two. 
In the other case, that of the * Elba,' a slight discrepancy as to the 
comparative level of the lines of no-attraction on the two sides, might, 
perhaps, be satisfactorily explained by the proximity and somewhat 
disturbincr influence of another iron ship (advanced only to the 
frames or angle irons) on the port side of her. 

In the case of tlie ' Elizabeth Harrison,' a large iron ship built at 
Liverpool, the first I had carefully examined, the correspondence of 
the magnetic polar axis and equatorial plane with those of terres- 
trial action was equally characteristic and conclusive. 

Hence we may perceive a sufficient reason for some of the pecu< . 
liar phenomena in iron ships of the compass disturbances and their 
changes. We may see why a ship built with her head easterly or 
westerly, and having the polar axis inclined over 18° or 20° to the 
starboard or port side, should be particularly liable to compass 
changes, if severely strained or struck by the sea with her head in 
an o])po8ite direction. We see why the compasses of the 'Taylcur' 
should have been exposed to such a change as appears to have taken 
place in her lamentable case. We see in the case of the 'Ottawa*' 
(one I have elsewhere referred to), why a heavy blow of the sea, with 
the ship heelinp- and her head pointing eastward, would be likely to 
]iroduce a change in her magnetism, when her previous magneh'c 
distribution was solicited by terrestrial action in an angle of 30° or 40*^ 
of difference. And we see why the deviations of the compass in iron 
ships should, differently from those of wooden ships, be sometimes 
westerly and sometimes easterly in ships built and trading in home 
latitudes ; for here, whilst in wooden ships, where the iron work is 
in detached masses, the ship can have but little, externally, of the 
character of a true mngnet, and can pris?ep? hut small comparative 
differences from the position of her head whilst building; in iron 
ships, on the converse, where the ship is rendered by percussive 
action a powerful and, retentively, true magnet, her deviating action 
must be expected to be difierent, as the polarity of the head or stem 

* Wbeieihe oonpsBS mddtsiSj ehsaged two poiali. 
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ttayMbr in deBomimtion, or as the ship's magnetic polar axis may 
haj^ien to lie over to starboard or port. 

As an ol^jjeetion might be made to deductions from experiments on 
simple individual bars or plates of iron being applied to the case of 
iron ships built n]> of thousands of pieces, I have reponted the expe- 
riments, substituting for an entire plate or bar of iron a plate about 
18 inches long and 3 broad, made up of numerous sepuratc plates, 
and combined in the manner of the plating of iron shi])s. 'i'hc 
compound or combined plate of some eighteen or twenty pieces 
yielded, under percnsdon, vibration or bending, results precisely 
similar to tiiose obtained by the use of single plates or bars. 



XXXIX. Intelligence and Miscellaneous Articles* 

EXAMINATION Oi THE GREEN MATTER CONTAINED IN OBEBN 
INFUSORIA. BY THE PRINCE OP SALM-HORSTMAR. 

JF the v^een Infusoria of large ponds be collected upon a filter, then 
extracted with alcohol whilst fresh, and the j^rpen extract eva- 
porated to dryness at a tem]jerature of about iU4 F., the body 
obtained has the following properties 

1. When slowly heated upon platinum, it does not fuse, but soon 
evolves vapours (not smoke) which possess the peculiar odour of 
ponds, whilst the greater part of the mass is volatilized. The pro- 
ductlon of vapour then ceases, and a small brownish residue is left, 
which, however, h also slowly volatilized at a temperature below that 
at which the platinum becomes red-hot. No carbonaceous residue 
is left. 

2. It dissolves readily both in alcohol and acetic ether. 

3. It dissolves in hot water with a yellowish«dlive colour; the 
water first becomes milky. 

4. It dissolves in ammonia with a yellow colour. 

5. It is ?nliible with a greenish- yellow colour in solution of pot- 
ash, and the solution shows a black stripe in t!ic red of the spectrum. 

6. The alcoholic solution has no reaction upon litmus. 

It is consequently neither a wax-like body nor ciiiorophyll ; for 
chlorophyll extracted by alcohol from freshly > dried leaves of Lolium 
peretme and evaporated at 104^ F. until no more fluid is present, 
forms a sticky ^.a^s which docs not dissolve in water, ammonia, or 
solu' ' on of potash. Its behaviour when heated in a platinum cruci- 
ble is the same as that of the green of the Infusoria. 

The two alcoholic solutions are very different in colour when 
freshly prepared ; that of chlorophyll from grass is emerald-green, 
that ft'om the Infusoria olive or bottle-green. 

Angstrom's exact optical investigations of the two substances had 
also presupposed their distinctness.*— Poggendorff'si^ii«afeji,vol.xciy. 
p. 466. 
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ON TBB EBD DISPXB8ED LieHT IN ▲ lOLimON OF GHLOSO-. - 
^HTI4.. BT T&B FBINOB 0» SALM-BOBtTMAm. 

From the statements of Stokes it appears as though the red di-. 
spersion ^tob only to be seen in directions perpendicular to the inci*' 
dent ray ; this* however, apjdies only partially to the phsenomenon. 
I have observed that the red light can be distinctly seen, even when 
the test-glass containing the solution of chlorophyll is held so that 
the flame of a lamp is placed nearly between the glass and the eye 
of the observer. In order to avoid mistake, I put a piece of black 
velvet into the fluid so as to prevent the hiader surface of the glfiss 
from giving any reflexion ; but the red dispersion renmined as before. 
The red light consequently radiates also in the opponte direction to 
that of incidence. 

It is remarkable, however, that this fluid should also show the red 
light in the opposite direction ; that is to say, in the direction of the 
incident ray, as soon as the solution so concentrated that the 
directly visible hizht hvrome& more obscurt'd. 

As the so-called dispersed lif^ht prumises to do much to elucidate 
the phaenomena of light, the bmalie&l circum^Uuicc denser ves to be 
kept in mind. ' 

From the welUknown fact that the red dispersion is only seen 
with the help of a burning-glass in the centre of the solution of 
chlorophyll, it would seem that those invisible rays of sun-light which 
are rendered visible by the chlorophyll are separated in the sun-light 
by heterogeneous spaces, just as though they passed through a lat- 
tice, which only causes those atoms lyinp; close to the surface to 
become luminous, where it is permitted by the laltice, aud cuuLplete 
their course at that point. IIlus in the parallel state the red ^ 
spersion is virible at the surface } in the eon'veiging state» also, in the 
centre. The question then arises, whether this might not be em- 
ployed in measuring these parallel heterogeneous intonrals ?—Pog« 
gendorff's AmuUeu, voL xciv. p. 467. 



MOLBCnitAB COifSTITUTION OF CBTBTALS. 

To the Editors of the Philosophical Magazine and Journal. 

Qbxtluibw, . DubUn, August 4, 1856. 

IN my paper on the Molecular Constitution of Crystals, which 
appeared in the PliilosophiVal Magazine for Aiijrust, I repre- 
sented bir Uavid iirew^^tcr as having pmd that the cleavage of cry- 
stals arises from the unequal cohesion of the dilierent poles of each 
molecule. 

Quoting hie words from memory, I enoneously oooridered lim 
to apply to the first system of crystals of which I was then speaking; 
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I have fortunately since discovered my error, and hasten to make 
the only reparadon in my power-^at of acknowledging it. 
I can anuie Sir David Brewster that there is nothSig I r^ret „ . 

more than having made, even inadvertency, any misrepreeentation, 
particularly of one whom I must ever look on as one of the fathers 
of science, and whose opinions, even though they differ from my 
own, I win ever regard with respect. 

Your obedient Servant, 

Robert T. FoasTBa. 



METEOBOLOOIOAL OBBERVATIONB V0& AUa. 1855, 

CAinvM*— AuffUBi 1. Very fine. 2. Very fliMe heavy nSn. 3—5. Very fine. 

f). Overc;ist. 7. Very fine. 8. Rain : thunder: heavy rain. 9. Cloudy and fine : 
cl^ at night. 10. Foggy, with heavy dew : very fine : slight haze : very fine. 
11. Slight haze: very fine. 12. Ovttreast: fine: dear. 13. Very fine. 14. 
CloQdy and fine. 15,16. Very fine. 17. Slight fog: very fine. 18. Very fine, 
19. Very fine : slight rain at night. 20. Slight rain : cloudy and boisterous, 21. 
Fine : clear and windy. 22. Very fine. 23. Very hue : much sheet aud ioiked 
lightning at night. 24—26. Very fine. 27. Very fine : cloudy at laif^i, 28, 
29. Very fine. 30. Very tinn: rloar ,it night. 31. Very fine* 

Mean temperature of the month 61**'63 

Mean tempentare of AjDg. 1864 60*55 

Meaa temperature of Ai]g.for the lait twenty-nine yeen ... 61 '98 
Average amount of ndn in Aug. 2*446 indiea. 



JEtotfott.— Aug. 1. Fine: ndn A.if. 2—4. Fine. 5, 6. Cloudy. 7. Clondyx 
run A.M. and p.m., with thunder. 8. Cloudy : rain a.m and p.m. 9. Kain a.m. 

10, Fine. 11. Cloudy. 1 2. Cloudy : rain a.m. 1!^. Fine. 11. Cloudy. 15—18. 
YhiL. I'J. line: rain a.m. 20. Cloudy ; raiu a.m. 2i,22. Cloudy. 26, Ciuudy: 
rain a.m. and FM. 24. Fine.' 25. Fine: ndn v.if. 26—28. fine. 29* Glon^* 
30,31. fine. 

Sandtoick Marue, OrJtney.'^A.ug, 1. Cloudy a.m. : fine, fog p.m. 2. fiain a.m. : 
line, cloudy p.m. 3. Clor a.m. : fine, drops, thunder and lightning p.ii. 4. Rdn 
A.M. ! drizzle, showery p.m. 5. Bright a.m. : cloudy p.m. 6. Clear a.m. and p.m. 
7. Rain a.m. : showers p.m. 8. Rain a.m. : drizzle p.m. 9. Drizzle a.m. : clears 
vapour 10. Hasy A.if. : demp t.m. 11. Qoudy A.if. t ahowert p.ir. 12. 
ClourJy : damp p.m. 13. Showcis a.m.: cloudy p.m. 14. Ciiglit .\.m. : 
cloudy P.M. 15. Drizzle a.m. : cloudy p.m. 16. Cloudy a.m. : rain p.m. 17. 
Cloudy A.M. and p.m. 18, 19. Cloudy a.m. : cloudy, thunder and lightning p.m. 
20. Sowers A.M. : rain p.m. 21. Brijpit a.ic. : doudy p.m. 22. SnowenA.v* 
and P.M. 23. Showers, bright a.m. :, deer p.m. 24. Cloudy a.m.: rain p.m. 
25. Clear a.m. and p.m. 26, 27. Bain am, : doudy p.m. 28. Clear a.m. : 
•bowers p.m. 29. Bilglit a.m. : dear p.ir. 30. Drope a.m. t dear, dropa pJCt 
31. Cloudy a.m. and p.m. 

Mean temperature of Aug. for twenty-eight previous years ... 54'''99 

Mean tempentore of this month 56*10 

Mean temperature of Aug. 1854 55 '06 

Afetage qnantity of rain in Aug. for fifteen pievkraa yean ... 2*96 indiea. 
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XL. On the Passage of EhiSbrie Currents though Rarefied Air. 

Bp P. RiBSs*. 

AN interestiug observation has lately been made by M. Gau- 
gain in Paris, lie allowed a magneto-induction current 
to pass between metallic knobs enclosed in a glass receiver con- 
taining rarefied air, one of which knobs, with the exception of a 
very small portion, was coated with an insulating substancef. 
Beiidee the glass recdver^ or electric egg, a galvanometer was 
introdiiced into the circait« the needle <^ which was strongly 
deflected when the naked khoh was negative, t. when the 
current passed from the covered to the naked knoh, but suffered 
no deflection when the current was reversed. Thus to the inter- 
ruption carrenti of the induction apparatus was ascribed the 
property of passing through the electric egg in one direction 
only, that is, from the coated to the naked knob, and on this 
account the egg was called an electric valve. The following in- 
vestigation will show that this conclusion is unfounded, and that 
the name, at least in the above sense, is inappropriate. 

In order to repeat G-augain's experiment, T ]>rovided myself 
with a short glass cylinder closed at each end with metallic 
plates ; the lower plate, as well as its attached rod and knob, 
with the exception of a small puruon of the latter about the size 
of a pin's head, were coated with melted sealing-wax : about 
three-quarters of an inch above the coated knob was a sinniar 

* From the Report of the Academy of Seienoeat Berlin, Jane 18» 1855. 

t Com^tes Remiis, vol. xl. p. 640. Phil. Mag. vol. x. p. 207. 

j The iTifUiocd onrrents caused b\- interrupting nnd dosing the circuit of 
the pnmai-y or mducuig current, are for the sake of brevity called inter- 
fuptron euRent sad contset cunent, respectively. 

Pka. Mag, S. 4. Vol. 10. No. 67. Nov, 1855. Y 
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one, naked, at the end of a rod attached to the upper plate. To 
p^enerate the magneto-induction current, I used a very efficient 
apparatus constructed by Sienu us and Halske, and formerly de- 
scribed by me*. The induction coil of tliiis apparatus was 2|- 
inches long and 24 inches broad ; the voltaic current in the pri» 
mary coil, in wJiien lay a bitncQe of loose iion wires, was dosed 
and broken by means of the tongue invented by Wagner, and a 
long time ago introduced by Neef. The ciieoit of the indnctiQii 
coil was closed after introducing into it a galvanometer with an 
astatic system of needles, as well as the oefore-deseribed glass 
cylinder, in which the air was rarefied to one line of mercury 
pressure. By means of a commutator, the coated knob in the 
cylinder could be made positive or negative by connecting it 
immediately with the one or the other pole of the induction coil. 
That pole of the induction coil will be called positive which de- 
vclopes iodine when both poles arc connected by a strip of paper 
moistened with a solution ot* iodide of potassium, and wiien the 
primary cuiicnt is broken. This pole can be easily dptccted by 
first fixing two pointed elastie strips of metal with then* points 
opposite one another, so that the distance between the points 
can be changed, and then fasteninf^ a strip of thin writing-paper 
between the points. AVhen tlit' points arc connected with the 
poles of the inducUon cuil, aiui made to approach one another 
until a continuous series of sparks ensues between the two, the 
sparks will be seen to pass on one side of the paper only, pro* 
vided the latter is not perceptibly displaced. It follows hem a 
known property of positive electricity, that the point in contaet 
with tins Side of the paper is connected with the positive pole of 
the induction coil. To set the induction apparatus in action, I 
used one of Grove's elements ; but this current being too strong, 
I found it necessary to pull the iron wire half-way out of the 
primary coil. When the coat^ knob in the cylinder was con* 
nected with the positive pole of the induction coil, the needle of 
the galvanometer was instantly deflected towards a certain side, 
and remained oscillating about 30°. On the other hand, when 
the imked knob was positive, the needle remained for some mo- 
ments motionless, and then moved to a few degrees on one or on 
the other side of the zero of the scale. Hence it really appeared 
as if the interruption current passed easily and complc t(>ly from 
the covered to the naked knob ; but not at all, or only pai Liaily 
and with difUculty, from the naked to the covered knob. This 
explanation of tlie experiment, however, was contradicted by the 
light Hi the cyhnder, which could be seen in both cases, and, in 
full day with shaded cylinder, appeared to have the same form ; 
further^ in the case where ihe needle was deflected, the light 
* PoggendoriTs Annakn, vol. xci. p. 
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appeared more qiiiet and uniform than in the other case. After- 
Wttrds I examined the luiuinous phsenomeua more mmiitely. 
Before having some experience with respect to the above phseno^ 
mena in the ease of ue simplest eleetric cnnenty sneh as that 
of a Leyden hattery^ it appeared to me nsdesa to eiq[ieriment 
forthtf upon that most complicated of aU electric cmrenta which 
tite induction apparatus fiirnishes. 

Experiments on the L^den Battery, 

I had the following simple and convenient apparatus prepared. 
A cylinder of very thick glassj 3| inches high and 1*46 inch 
in interior diameter, was ground perfectly plane at one end, and 

closed at the other by a brass mounting, which carried a cock 
and a screw for the purpose of being screwed on to the air-pump. 
Projecting into the glass vessel and attached to this mounting is 
a slight brass cylinder,, in which a brass rod, carrying a knob at 
one end, can move up and down. The cylinder can be closed 
and made air-tight by plaririi; on the top a glass plate smeared 
with lard. The trlass plate has a small hoiu in its centre, and 
upon it an ivory rod an inch long is cemented, w hich carries a 
clamp iui tmng the cuuducting wire. A piece of platinum wire 
half a millim. thick descends from the clamp through the ivory 
and is cemented into the glass plate, the latter and the end of the 
wire being ground into one plane. In the plane of the lower 
sni^ice of the glass, therefore, there is a disc of platinum half a 
millim. in diameter, between which and the brass knob beneath 
it electricity can pass. After placing the knob (§ths of an inch in 
diameter] at a distance of |tns of an inch from the platinum 
surface^ the air in the cylinder was rarefied to about one line of 
mercury pressure;^ and the apparatus, together with a sensitive 
electxic thermometer, brought into the circuit of an eleetcic bat- 
tery consisting of tlute jars. The apparatus was so connected 
with the discharging wire, that daring the discharge the knob 
in the cylinder could be made either the positive or the negative 
electrode. In order that the manner of chai'gmg the battery 
may be seen, the part of the cylinder which was in connexion 
with the interior of the battery is given in the following table. 
The words surface -f ' show, therefore, that the battery was 
charged with positive electricity ; " knob — " that it was charged 
with negative; with respect to the direction of the current, it 
will be seen that it was the same in both these cases. 

The following single observations show the degree to which 
the thermometer was heated with different charges of the bat- 
tery ; the knoba of the instrument for measuring the quantity 
of electricity in the luAtery were half a line distant m>m one 
another. ^ 

Y2 
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Heat in the discharging circuit when interrupted by air of 

1 line of mercury pressure. 



Qoaotity of electnclty. 


SurAuM 

+ 


Knob 

+ 


Snrfim 

+ 


Knob 

+ 


Knob 


Surfiiee 


4 


•6 


10-5 


6-3 


107 


6 




0 


8-5 


16 


8-4 


15 


8 


14-3 


6 


13-5 


21-5 


14 


21 


136 


21-3 


7 


187 


S9*3 


197 


ao 


17-5 


28-8 


Unit of charge ... 


MO 


1-87 


Ml 


1*85 


1*07 


178 



The following is the result of all the above observations, 
showing the relation between the heat developed and the direc- 
tion of the discharge current : — 

Current from the surface to the knob : heat 100. 
Current from the knob to the surface : heat 106. 

In another series of experiments^ the knob in the ^lass cylin- 
der was 2*7 inches distant from the platinum sur&ce in the glass 
plate. 



Qttttttity Hi dbetridty. 


Snifrce 


Knob 


8mf«ee 


Snob 


6 


9-5 




9-2 


7 


6 


15 


iO-3 


15 


10 


7 


177 


187 


17 


18 


8 


26-3 


18-5 


27 


18-2 


Unit of charge ... 


118 


0-84 


116 


0-83 



Here is the mean result ; — 

Current from the surface to the knob : heat 100. 
Current from the knob to the surface : heat 140. 

In order to employ stronger charges of the battery (up to a 
quantity of electricity equal to 16), I replaced the thin platinum 
wire ill the thermometer by a thicker, and found the following 
to be the mean result of four observations 

Current from the surface to the knob : heat 100. 
Current from the knob to the surface : heat 130. 

The knob in the glass cylinder was replaced by a horiaontal 
brass diise^ j^ths of an inch in diameter, and 1 line distant from 
the platinum surface in the glass plate. The. results were : — 

Current from the surface to the disc : heat 100, 
Current from the disc to the surface : heat 122. 

I removed the disc ao that tlie brass rod alone remained in 
the glass cyhnder; it was 2\\ inches long, and its point was 
{Uhs of an inch distant from the j)latiuum surface, Tlie follow- 
ing were the results 
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Current from the surfnce to the rod : heat 100. 

Current i'rom the rod to the surface: heat 122. 
Lastly, the discharge circuit was elongated by a platinum 
wire, 10 feet long and O-OHT line tbiek; the knob was again 
placed in the cylinder at n (jist uice of 'ths of an inch from the 
platinum surface, and tlie chat of the battery was increased lu 
a quantity of electricity equal to 16. The mean results were; — 

Current from the surface to the knob : heat 100. 
Cui-reut from the kaob to the surface; heat 105. 

In all the numerous experiments which were instituted^ and 
in which the discbarge current of the battery passed through air 
rarefied to 1 or 2 lines of pressure between a small and a com- 
paratively great, but arbitrarily-shaped metallic surface, a differ- 
ence was obsen'cd in the heating effect upon the discharging 
wire according to the direction of the current ; this difference, 
however, although sometimes greater and sometimes less, w^as 
always in favour of one and the same direction. From the above 
experiments, it will be seen that the greatest heat was produced 
when the direction of the current was the same as tlmt which, in 
the first-mentioned experiments with a magneto- induction cur- 
rent, produced a very small, or no deflection of the magnetic 
needle. When the discharge current of a Ley den battery passes 
ihrough very rarefied air between a very maUanda eomparatwefy 
large metaUie surface, the heat produced m the renmning part of 
the Hicharge eireuU is greatest when the current passes from the 
large to the smaU surface. The meaning of a very small sur&oe 
will be hereafter explained. 

This remarkable and hitherto unknown change in the action 
of an electric discharge is easily explained by known facts. I 
satisfied myself that the battery was equally well discharged 
whatever might have been the direction of the current. As the 
discharge circuit had the same constitution in both cascs^ the 
difference in the heating power of the current could only be 
occasioned by the method of discharge. It is well known that 
a change in the heating effect, occasioned by a change in the 
method of discharge, can be shown in the clearest possible man- 
ner. When the discharge circuit is interrupted by a thin stratum 
of distilled water placed between metallic plates, and when the 
strongesL charge of the battery which will pass noiselessly through 
the water is employed, a delicate electric thermometer is neces- 
sary in order to detect the small amount of heat which is thereby 
produced in the dischai|;e wire. If the plates immersed in water, 
however, are brought inappreciably nearer to one another, the 
discharge passes through with a spark, and at the same time the 
}ieating effect in the ducharge wire is so great that the thermo* 
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meter no longer suffices for its mr asurcmeut. Again, when the 
discharge takes place iu free air between a knob and a very fine 
point, whose distance asunder is so regulated that no spark 
ensues, the heating effect in the wire is very small ; whereas it ia 
very great if the line point is replaced by a blunt one^ so as to 
cause a spark between the two electrodes. In both cases where 
the spark appeared, the time during which the same quantity of 
electricity was discharged was greatly diminished ; hence, accord- 
ing to a well-known law^ the heating effect was greatly increased. 
Euetlv in the same manner as we are able to ehange the mode 
of diacSiarging a battery through water and through free air by 
bringing the eleetrodet nearer to one another, and by ehangiug 
the form of one of them^ we ean^ as the new experiments show^ 
attain the same end in very rare air by diminishing the negative 
electrode. The battery charge can pass through rarefied air, 
between arbitrarily-shaped electrodes, in two essentially diffeient 
ways. In the first, which might be called the glimmering man- 
ner, a reddish luminous cone of air takes part in the discharge, 
its summit touches the positive electrode, and its base lies always 
at some distance from tlie neirativc electrode. The stratum of 
air in contact with a grc^it ]i;u't of the negative electrode takes 
part in the discharge in a kss degree, and glowp with a peculiar 
blue light. The second manner of discharge that which I 
have called discontinuous. A narrow cylinder of air touching 
both electrodes takes part in the dij>cli[u p:;p, is rendered white 
hot, and burst asunder in the same manner as a metallic wire is 
which connects both electrodes, and whose diameter does not 
exceed a certain limit dependent upon the charge of the battery. 
The glimmering discha^ takes place so slowly, that tiie but- 
ftcea of both dectrodes remain uninjured, and only a small 
ampunt of heat is generated in the whole discharge cirenit, 
whereas the discontinuous discharge tears away parts of the elec- 
trodes, scatters them red-hot on all sides, andhe»ts the discharge 
eireuit. Whatever may be the distance between the electrodes, 
the Simmering can be converted into the discontinuous discharge 
bjr increasing the density of the discharged quantity of elec- 
tricity, by the admission of air, or, as our late experiments justify 
us in concluding, by diminishing the magnitude of the negative 
electrode. That is to say, if the snrface of the negative elec- 
trode be very small in comparison to the surface which, with the 
employed density of the discharged quantity of electricity, would 
have been covered with a glinnnerine'liQfht, the discharge instead 
of being glimmering will be diseontinuous. The recorded ex- 
periments are in complete harmony with this remarkable con- 
ciusiou. When the direction of the dibcharge current was from 
the small platinum surface to the naked knob, the brass rod, and 
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the inferior platCi that is to say^ when the negatiye electrode had 
a saf&ciently large sttperficial area, of the many partial diieharges^ 
which^ with decreasing denaity^ constitute the discharge of the 
hatteiy^ a part of the last^ owing to their small tension, must 

, have passed as glimmering discharges, and thus have exercised 
no hcfiting effect. "\T]ip]i, on the contrary, the direction of the 
current was from the knob to the small platinum surface, the 
negative electrode was limited in magnitude, and n ])art of the 
gliuiiiieniig mast have been converted into discontinuous dis- 
charges, and thus become effective in heating the circuit. Hence, 
in accordance with experiment, when the discharge passes from 
the surface to the knob, the heat in the remaining part of the 
discharge circuit must be smaller than when the discharge has 
an opposite direction. It is evident that the number of the 
glimmering diieha^rges which become effective by reversing the 
currant differa aceoraing to the form and distance of the eieo* 
trodes. Gases may present themselves where the difference in 
the heating effect is inappreciable; but wherever it does oconr, 
it must be in favour of the stated direetioni and this^ without 
exception, I have found experiment to corroborate. The expla* 
nation above given is also supported by ocular evidence. If the 
cylinder is placed in the shade, and observed during the time 
that the discharge passes fifom the knob to the surface, a brilliant 
light is noticed in tlie space between the electrodes, whilst the 
knob and rod are l)ut feebly liiTninous. It may here be remarked, 
that thip brilliant light between the electrodes eonjsi^ts of two 
dazzling colours; at tlie negative electrode it is reddish- violet, 
at the positive greemsh-biue. When, on tlie contrary, the dis- 
charge passes from the surface to the knob, a broad reddish 
light is observable, not only between the electrodes, but through^ 
out the length of the glass cylinder, and stretching over the 
knob and rod. In the last ca^c, the explanation supposes that 
a great part of the discharges are glimmering. 

In air, when the discharge spark passes between a very 
small sur&ce and a knob, no difference between the heating 
effects in the discharge circuit is observable when the direction 
ef the current is changed. We have yet to examine, therefore, 
to what degree the rarefaction of the au' must be carried in order 
that this difference may be observable. The glass cylinder was 
screwed on to the air-pump and kept in communication with the 
barometer test, the foot and clamp of the cyUnder were connected 
with the discharge circuit of the battery, by means of long copper 
wire's, after the thermometer had also been introduced into it. 
The knob in the cylinder stood at a distance of ^ ths of mi inch 
from the smi^i surface. In the following table the heating; elTects 
corresponding to the unit of charge dip given, each of which was 
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calculated from four thermonietric obaerratbns ; in the iMurthliiie 
the heating effect with a pontive knob is given, that with a potiti?e 
Buiface and equal presauTe of air being suppoBcd equal to. 100. 



Heating eliects in the discliarc^e circuit when the latter is 
interrupted by rarefied air. 



PMwnnofairiB 
IndMi* 


A- 




I- 


If 




3*- 


A. Surface positive. 

B. Knob poisUhre... 


085 
1-88 


102 
I'M 


093 
0^ 


0-94 
0-96 


109 
1-08 


118 
M9 


Ratio of A to B ... 


, IdO 


111 


103 


102 


100 


100 



The increase of heat by reversing the discharge m the glass 
cyHnder^ and thus making the knob the positive instead of the 
negative electrode, decreases quickly with increasing pressure of 
air, and is no longer perceptible at a pressure of inches. An 
interesting corroboration of the theorenij that in these cxperi* 
ments two essentially different kinds of electric discharge are 
involved, is presented by the circumstance^ that, in the line A, 
the greatest heat occurs when the air is most dense (3^ inches 
preasure), and, in the line B, when the air is least dense (lyV^h 
of an inch pressure). 

In fact, when the greater part of the partial discharges were 
glimmerincr, the admission of air must have prevented the glim- 
iTif i'iTig, and thereby rendered these disrhori^es cffcrtive in the 
generation of heat. When, on the contrary, the majority of the 
partial discharges were discontinuous, the increased quantity of 
air had the effect of increasing the interval between the several 
partial discharges, and, consequently, of diminishing the heating 
• effect. Insomuch as, in reference to this heating effect, these 
opposite actions simultaneously took place in every experiment, 
it cannot appear surprising that sometimes the one, sometimes 
Ihe other actum waa in eieesa. Hius, in (urder to expkin the 
observation in the line A with -^^ths of an inch piesaure, we 
must assume that by changing the pi^essure of air from to 
<i^, the effect due to the prevention of the glimmering is in 
excess, whilst at ^ths of an inch pressure the retardation of the 
discontinuous discharges is perceptible in the observation. From 
8^ inches pressure upwards only one kind of discharge, the dis- 
continuous, appears to exist, whatever may be the condition of 
the electrodes ; and, in fact, at 2^ inches pressure it was no 
longer possible to detect any difference in the luminous phseno* 
mena in the cylinder when the knob was positive and wlien it 
was negative. In both cases a bright, broad expanse of light 
was alone visible in the space between the electrodes. 
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As might have been predicted^ the discharge of the battery^ 
after its passage through air rarefied to y^^th of an inch preBBore, 
produced no deflection of the galvanometer needle. When one 
end. of the galvanometer coil was connected with the conductor 
of an electric machine by means of a wire and the cylinder of 
rarefied air^ the other end being in connexion with the earthy a 
considerable deflection of the needle was caused by turning the 
machine; no constant change in this deflection, however, was 
observable when the position of the cylinder in the circuit was 
changed^ a result which will not surprise when the uncertainty 
of the experiment is considered. 

Experiments on the Induction Apparatus. 

The small induction apparatus, dc^fribed at the mmmcnec- 
ment, was excited by means of one oi Uaniell's cleuieuts, and 
the bundle of iron wires lialf withdrawn from tlic priinary coil. 
The coil of a delicate galvanometer was introduced into the cir- 
cuit of the induction cun*ent as well as the glass cylinder used 
with the Ijeyden battery, containing air rarefied to j^jth or Jth 
of an inch of pressure ; lastly, a commutator was introduced so as 
to change the direction of the current in the glass cylinder with- 
out altering anything in the remaining part of the dreuit. This 
position of the commutator was chosen in order to simplify the 
experiment itself, as well as its description ; if the commutator 
18 applied so as to reverse the direction of the^ induction current 
thtou^out the whole of its circuit, or, indeed^ that of the voltaic 
current in the primary coil, an audible change in the play of the 
tongue connected with the induction apparatus ensues, which 
baa the effect of still further complicating 4he experiment. Within 
the cylinder wns a brass knob f ths of an inch thick^ which was 
at first placed at a distance of ^ths of an inch from the platinum 
surface. When the small surface was the positive electrode, that 
is to say, when it was connected with wliat was at first defined 
to be the positive pole of the induction apparatus, the needle of 
the galvanometer suffered a riormal aud maximum deflection of 
70^; when the kuob was the positive electi-ode, an ahnonnal 
deflection of 10°. By a normal or an chnurmal ddlection is to 
be understood one which does, or does not, correspond with the 
direction of the current. On repeating the experiment, a nor- 
mal deflection of 10^ was obtained when the knob was positive. 
The knob was withdrawn to a distance of Ij^ inch from the 
platinum surface. The knob being negative^ 1 obtained a nor- 
mal deflection of 40° or 50^; but when the knob was poative, a 
small abnormal deflection^ which afterwards changed to a smaU^' 
normal one« ^ When the knob and surface were 2$ inches asunder, 
it' was neoessoiy to iiicreas^ the intjtensity of tbe inductioii corr^t. 
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by pushing the bundle of iron wires furtlicr into the primary 
coil, in order that the current might traverse the space between 
the eleotrodee. In both positions of the electrodes the dcAeotioii 
was normal, bat it was greater with the knob negative than 
positive. A smaller knob, ^^^th of an inch in diameter, was 
placed at a distance of 44ths of an inch from the small surface 
in the cover* "When the knob was negative^ the deflection 
amounted to 60^ and was normal ; when positive, the deflection 
was sere at the moment of closing the circuit, but passed into a 
normal or an abnormal one of 10^. The knob was replaced by 
a horizontal brass disc, -f^ths of au inch in diameter and 1^ inch 
distant from the platinum surface. The disc being negative^ the 
deflection was normal, and attained the maximum ; when posi- 
tive, it was abnormal, and amonntnd to 20°. I varied tbe^e vx- 
perimcnt< in numerous ways, but the common result of was, 
that \\h(-n the small platinum surface was ])03itive, the defection 
of the needle was always normal, and always occurred imme- 
diately after clo^nig the induction circuit ; when, on the contrary, 
that surface was negative, the deflection was sluggish and retro- 
grade. That in the la^t ea*<e the deflection is Bometimes ab- 
normal, has been observed also by M. Gaugain, who, had he 
taken the observatiou sufficiently into consideration, would not 
have been led to the erroneous oondu^on which he has drawn 
from his experiments. For there are undoubtedly two oppositely 
directed induetion currents acting in these experiments; the 
interruption current, in reference to which the poles of the in» 
duction coil have been defined ; and the contact current, in refer- 
enee to which the names of the poles of the induction coil must 
be changed. The action of the two opposite currents can be 
demonstrated by means of a decomposing apparatus still more 
successfully than by the galvanometer. Besides the galvano- 
meter and the cylinder of rai-efied air, in which a knob was placed 
^ths of an Inch from the small surface, two platinum points were 
introduced into the induction circuit; they were about one inch 
asunder, and stood on a piece of paper moistened with iodide of 
potassium. As before, the coinmutator changed the direction 
of the induction current in the ^lass cylinder alone. \V hen the 
small surface in the cylinder was connected with the positive 
pole of the induction coil, the stain of iodine in seven successive 
experiments appeared only under thai platinum point which was 
positive in reference to the inten*uption current ; when, on the 
contrary, the surface was in communication with the negative 
pole, the stain of iodine in thirteen experiments appeared eight 
times under the other platinum point alone, and five times under 
both points. The knob in the cylinder was next 'j^aced 
inch distant from the small surfroe : when the latter was peu* 
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tive, the iodine stain appeared five times under tiic above-defined 
positive platinum point ; wlion the surface was negative, four 
times under the oth( t point. ^I hen the whole current of a mag- 
neio4nduciion apparatus is transmitted throuyh very rarefied air, 
between a very small and a comparatively great surface, the inter' 
rupiioti current alone traverses the space between the surfaces when 
the small one, in reference to that currenty is positive ; when, on 
the amtrary, the mnaU mafm ie negoHoe with respect to the m- 
terruptian ctarent, the eantttet current i$ tdeo transmitted. 

It has long been known, tlutt, on account of the small tension 
possessed hyike contact eunent, the interruption eumnt is the 
only one which can traverse a space of air. According to Poggen- 
dora*, this small tension of the oontact current results from the 
production of a closed conducting circuit in the neighbourhood 
of the induction coil when the primary circuit is dosed. Thns, 
although M. Gaugain concluded from his experiments, that, with 
a certain form of the electrodes, the interruption current did not 
pass through very rarefiefl air, it follows from the present inves- 
tigation, that m realitv l^dth the contact current and the inter- - 
ruption ciinciit are transmitted in this case. Consequently, if 
the term valve is still applied to Gaugain's apparatus, it must be 
considered as a valve for the contact cui'rent, and not for the 
interruption current. A glance at the luminous phfenomenon 
furnishes a corroboration of the above theorem, if, indeed, any 
were required. In order that the light might be more sharply • 
defined^ I had the brass knob in the cylinder, as well as the disc, 
stained hkdk so as not essentially to injure the oondnction at 
their saxfsces. When the small surftuse was positiire^ the Inmi* 
nous phienomenon was the same as that which takes i^laee be- 
tween two equal knobs, and which has often been descnbed. A 
small, well-defined cone of reddish light extended from the small 
snrfiuie to the negative electrode, and ended at some distanoe 
' therefrom, so that between the base of the cone and the negative 
electrode a broad dark space remained. The whole surface of 
the negative electrode, whether its form was that of a knob or a 
disc, was surrounded by a beautiful blue light which stretched 
also over the rod. The liglit was throughout equally bright and 
quiescent. VVhen, on the contrary'', the small surface wa^ nega- 
tive, the light hv^nn immediately to flicker and change its in- 
tensity. When the cnrrciit had been previously regulated so as 
to produce a very small deflection of the magnetic needle, or 
none at all, the form of the light was much the same as before. ' 
The reddibh light of the positive electrode only waslesa distinctly 
defined : it extended itself until it reached the negative electrode 
without leaving a free dark space. The negative electrode itself 

* Phil. M^. vol. X. p. 124, 
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was only partially surrounded by a blue light, that is to say, ifc 
extended only over the anterior hemisphere of the knob or the 
anterior surface of the disc. When the current was increased^ the 
blue light was eonfined to a still smaller space^ and was momen- 
tarily hidden by the broad reddish sheaf of light which extended 
between the electrodes. When these luminous phssnomena have 
been once observed in the dark, it is easy to recognize them 
in davhght by merely shading the cylinder, whatever connexion 
the ekctrodes may have with the induction coil. 

The experiments with the Leyden battery serve to explain 
the phxnoniena of the induction apparatus. It has been shown 
that the electricity in the battery generates a less amount of heat 
in the discharge circuit when it is transmitted through rarefied 
air from the small to tho large surface. The same takes place 
with the interruption current of the induction apparatus. A 
brass disc was placed in a glass cylinder at a distance of 1 line 
from the pmall surface in the cover, and the cylinder, together 
with the delicate electric thermometer, introduced into the cir- 
cuit of the induction coil. The heat produced was in general 
small, but considerably smaller when the direction of the inter- 
ruption current was from the small to the large surface. When 
the large disc was negative^ the liquid iu the thermometer sunk 
from 1 to 3 lines ; when that dise was positive, from 5 to 6 
lines. I obtained a constant result by allowing the eorrent 
passing from the gr^t to the small surface to continue for some 
time, until the liquid in the thermometer attained its lowest 
position ; the sudden reversion of the current immediately caused 
the liquid to rise. By simultaneously introducing a galvano- 
meter into the circuit, it was found that the greatest heat was 
produced when the deflection of the needle was smallest, and 
the smallest heat when the deflection was greatest. With the 
Leyden battery no doubt can be entertained that the ehanp:e in 
the heating effect is occasioned by a change in the method of 
discharge, that an increased heating effect is produced by con- 
verting the slow glimmering discharge into the much more 
quickly completed discontinuous discharge. If a similar change 
in the discharge of the interruption cunent of the induction 
atus be assumed, the cause of the changed action will be 
the bame, and that ot the passage of the contact current will be 
found. From experiments with the Leyden battery, it is known 
that the conversion of the glimmering into the oiscontinnoas 
discharge occasions a less deflection in a galvanometer introduced 
into the circuity as well as a diminution in the quantity of any 
substance decomposed in the circuit. Whilst we glimmering 
discharge does not injure the electrodes^ the discontinuous dia* 
charge tears parts of them away, and soatters the incandescent 
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particles in the space bptween the electrode?!. This space will 
consequently conduct electricity better, and the contact current 
can pass a jrlimmering discharge. That for the transmission 
of this current a perfect conductor is not necessary, is proved by 
the fact that the same can be transmitted througb a long strip 
of tolerably moistened ])a})er. These premises being granted, 
the observed actions of the induction current can be deduced 
without difficnlty. Wlien the whole current of the induction 
apparatus is passed through well-rarefied air, between a small 
and a large snirface, and the direction of the interruption current 
Ib from the small to the large surface, Ihia current alone iatrana* 
initted, and that aa a glimmering discharge : in the discharge 
circuit, therefore, only a small amount of heat will he generated, 
a galvanometer will he strongly and constantly deflected in one 
direction, and an eleetrolysable suhstance will he decomposed in 
the ordinary manner, so that a certain constituent of the same will 
he separated at a certain electrode. If the direction of the current 
he reversed, so that the interruption current pass through the 
rarefied air from the great to the small surface, this cun'cnt will 
suffer partial discontinuous discharge ; hence a greater heat will 
be ])roduced in the discharge circuit, the deflection in the galva- 
nometer will be less, and a smaller quantity of the electrolyte 
will be decom])osed. These actions will be modified by the 
ghmmcring discbarge of the contact current, which can now 
pass in consequence of the greater conductibility of the space, 
its heating action will be weak, the deticction and decomposition 
which it causes will both be strong, and in direction opposed to 
the corresponding actions of the interruption current. The de- 
flection of the needle, therefore, can be still further diminished, 
or destroyed, or even reversed; the separation of a particular 
constituent at the former electrode may be prevented, or it may 
even be disengaged at the opposite electrode; or, lastly, the 
effects of hoth currents may remain pci eiptible : the constituent 
in question may he separated at both electrodes, and the needle 
may be deflected sometimes on one side, sometimes on the other. 
In fact, this changeability in the result takes place, not only in 
different experiments, hut frequently in the same experiment ; 
nor can it surprise one who reflects that it is produced by the 
changeable successive action of two opposite currents. On the 
contrary, with the former direction of the induction current, the 
result , bi ing infiuenced by one current only, is always essentially 

the same. 

Though not immediately connected with the subject in hand, 
I may here remind the reader of a paradoxical faet upon which 
some light may, perhaps, be thrown by the above-proved influence 
of the interruption current upon the passage of the contact 
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comnt. When tlie cunent of a powetM ?olU«c battery k 
allowed to pass in a lummous manner between two wirea in free 
auTi tbe wure wbicb forms the pontive electrode is more heated 
ahia the other^ and is tiie first to become incandeaoent and to 
fuse* When^ on the contrary^ the current of an induction ap- 
paratus is allowed to pass with sparks between two equal wiio 
points in air^ that wire only becomes incandesoent and fuses 
which forms the negative electrode of the interruption euirent^ 
and which, as I have long ago shown^ can be easily recognized 
by the covering of blue glimmering light upon it. Hitherto 
thh inu'fulox has not been solved. Is it not possible that the 
intu riJ])t]on current, part of which apparently passes here as a 
glimmering discharge, has but little heat in q: effect, but on the 
other band increases the conductibility ol the space, and facili- 
tates the passage of the contact current, which manifests itself 
principally by the incandescence of the wire end ? It would then 
be thQ positive electrode of the latter current which produced the 
greatest heat, so that between the aetiou uf a vokaic and that of 
an induction current uo difference would exist. This would be 
a very simple and acceptable solution of the paradox. 



The above research by Prof. Riess was communicated to the 
Academy of Berlin on the 18th of June> and shortly afterwards^ 
on the 30th of July, M. Gaugain made another communication 
to the Academy of raris ^'On the Electric Conductibility of Air'i'.'^ 
Having shown in a preceding communication f, that, within 
certain limits, the conductibility of air appeared to decrease with 
its density, lie deemed the fact of sufficient theoretical import- 
ance to demand re-examination, with a view of more completely 
substantiating the fact. In his last research, the apparatus de- 
scribed under the name of an electric valve was sometimes em- 
ployed, and sometimes simple tubes with metallic wires for elec- 
trodes. The general result obtained with ail tlu ajipuiaius was 
the same. When the induced currents of Ruhnikurti\ apparatus 
were passed tlirougli air whose density was gradually diminished, 
the intensity of the electricity^ as shown by a galvanometer, 
begsn at first to increase (departing from the atmospheric 
pressure), attained a maximum, afterwards began to decrease, 
and finally attained a minimum vslue when the vacuum was as 
perfect as possible. The density of air corresponding to the 
maximum intensity of current varied with the magnitude and 
disposition of the apparatus, with the distance between the elec- 
trodes, and with the superficial magnitude of the latter. At one 

* Comptes Rendus, toI. xU. p. 162. 

t Ihid. vd. xL p. 640, sad Phil. Msf. voL x. p. 207. 
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time thit dcmsity was as low as % iiullimB.j at another as high as 
60 mUliins. In general^ when the negative electrode presented 
a large surfacei and the thickness of the air traversed by the cur« 
rent was considerablsj the period daring which the intensities 
increased was of great extent^ and that during which they de- 
creased scarcely appreciable; on the other hand^ when the surface 
of the negative electrode was very small^the period during which 
the intensities increased embraced only a small number of de- 
grees^ that during which they decreased being greatly extended. 
When the electric valve was employed, the intensity of current, 
corresponding to the most perfect vacuum an ordinary machine 
is capablf of ])roducing, was sensibly equal to zero ; with tubes 
contummg electrodes of metallic wire, the intensity of current 
corresponding to the most perfect vacuum was always a maximum, 
but never zero, and in these cases the period during whieh the 
intensities dnmuished was not well defined so long as the distance 
between the electrodes was small. 

The manner in which Prof, lliess would view these results 
is already known ; the following explanation is proposed by M. 
Gau^in.- — ''When an dectric current traverses a space con* 
tainmg air, the resistance with which it meets ought to vary, as 
in the case of liquids, with the mean section of the gaseous space 
which serves to conduct the same. The dimensions of this 
space cannot, it is true, be immediately ascertained, though it is 
natural to suppose that they are closely related to those of the 
sheaf of light w:hich is observable. This hypothesis being ad- 
mitted, we must conclude that when the negative electrode pre- 
sents a large surface, the mean section of the current continually 
increases with the increased rarefaction of the air, for experiment 
proves that in this case the sheaf of light continually expands. 
The rcsiilf is, that the increased section compensates, in a certain 
mcasuK , lor the diminution of conductibility, which is a conse- 
qiK rice of the diminution of the elastic force of the air. When, 
on the contrary, the surface of the negative electrode is very 
limited, the conducting space formed by the reunion of the 
elementary currents cannot dilate, nothing compensates for the 
diminished conductibiUty, and consequently this diminution 
manifests itself/* 

After observing that in the above explanation it is assumed 
that the same laws which govern the transmission of currents 
through liquids. also appl^ to gases, M* Gaugain cites an expe* 
riment as an additional justification of the assumption. An 
air-pump recover was procured, in the upper part of which was 
a copper rod diding, air-tight, in a leather box; after exhausting 
the air under the receiver, the j l itc of the air-pump was con- 
nected with one pole of Kuhmkorff^s apparatus, and uie rod with 
the other ; the usual sheaf of light was seen between the copper 



Digitized by 



328 Q» the Famge o/Ehcirk CurrmU through EarefiedAir. 



rod and the plate of the air-pnmp. An insulated thiQ disc of 
tin was now placed between the electrodes, at a distance of 5 or 
6 centimetres from each ui them ; the luminous appearance 
within the receiver was completely changed. When the current 
traversed the cylinder from top to bottom, a cone of red light 
descended from the copper rod, and the upper surface of the disc 
was covered with a blue light ; a second cone of red light de-. 
seended from tlie lower sui^ace of the disc, and a second covering 
of blae light anmunded the exhausting tnbe of the air-pump. 
Thus the tin disc constituted a double pole, in exactly the same 
manner as when a metallic disc is placed between the electrodes 
in a liquid electrolyte, its surfaces become contrary poles, and 
the resistance in the circuit, instead of being diminished, is in« 
creased. This fact being established, the copper rod was next 
depressed so that its lower extremity approached the tin disc; 
the latter was then pierced as a sheet of paper would have been, 
and the current passed unbroken through the tube which was 
formed ; only one cone of red light, only one dark space, and 
only one blue covering was then seen. M. Gangain considers 
this a decisive proof that electricity suffers rcsistniice in its pass- 
age from a solid to a gaseous, or from a gaseous to a solid body; 
''for it is clear,'^ says he, that the obstacle which compels the 
current to pierce the tin disc does not proceed from the resist- 
ance due to the metal itself, inasmuch as this resistance is much 
more feeble than that of the air displaced by the tin." 

The c luliK tibility of the partial vacuum obtained by means 
of an iui-pump being so small, it was natuial to expect thiil Uie 
more perfect one in a barometer tube would be still less con-^ 
ductible* M. Graugain proved this by connecting the poles of 
Ruhmkorff's apparatus with the mercury, and with a platinum 
wire fused into the top of an ordinary barometer tube. He 
found it impossible to obtain the least appearance of light in the 
barometer cbamber when the distance from the summit of the 
mercurial column to the platinum wire exceeded 3 or 4 miUims., 
altli ngh he employed six of Bunsen's cells. 

This result is in opposition to one obtained by M« Masson, 
and communicated to the Academy on the 7th of February, 1853; 
but M. Gfaugain accounts for this divergence satisfactorily. In 
fact, the greatest possible care is necessary to expel the air and 
moisture in the barometer tube; indeed, when all precautions 
have been taken and a vacuum obtained which will not allow the 
induced currents to pass, the application of a spirit-lamp to the 
top of the tube for a few moments is sufficient, although it may 
have become cool afterwards, to make the vacuum conduct the 
ciUTents again. It appears that the tubes used by Masson were 
heated by a lamp after the introduction of the mercuiy, and 
hence his ree»ults. 
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XLL On the Mokcuker CotuiiiiUum of CryHdi, 
By James D« Dana. 

To the Editors of the Fhilosophical Magazine aiul JourtuLl. 
Gentle MENj 

IN a communication to your Journal for August last^ by Mr. 
R. Forster^ the author makes a statemait whidi 1 beg 
the privilege of eoirectmg* 

Mr. Forster aays^ speaking of my views on twin-ciyBtals^ 
puUiahed in the American Journal of Science for 1886^ that the 
ideas ^'were directly borrowed 'from & Bavid Brewster/' and 
that the paper by Sir Darid, containing his views, was quoted 
■ by Dana m the American Journal of Science^ and formed the basis 
of his investigations^ without^ however, being acknowledged.'' 

At the time of this ''quoting by Dans'' in 1832, I was still 
in my teens, and for fourteen years afterwards I had no oon- 
nexion with the American Journal^ and was not in expectation 
of an^ such connexion. Instead of Sir David Brewster's paper 
forming the basis of my investigations, I had not at that time, 
culpable thonprh it may appear, perused his paper. The con- 
clusions were mainly arrived at durinp: a cruise at :i in the 
years 1833 and 1834, when I had by me unly a copy ot Phillips's 
'Mineralogy,' from the measurements of crystals in which ex- 
cellent work, not knowing at that time in my solitude what 
had been done by others, I devised also the llaiiyan method of 
crystallographic calculation. In my paper, published in 1836, 
I cite the opinion of Voltz as to the existence of three axes of 
attraciiuii m molecules, and obviously do not claim originality 
on that point, the main one in which the theories agree. In a 
later paper in the American Journal of Science, 1847, vol. iv. 
p. 169^ on " Cohesion/' I have alluded to the observations of 
Sir David Brewster, and made a citation from his paper. The 
views I have brought forward are diffisrent firom his in my regard- 
ing the axial dimoisions of the molecule to he those of the ciy- 
stilly and not a resultant between the pressure from the combining 
attraction and the dimensions : and on the subject of twin-crystals, 
I am not yet aware that anything has been written by Sir David. 

I have the highest admiration for the labours of Sir David 
Bievrster, and on the points of differenocj while sustaining my 
own opinions, woidd not venture to affirm my own correctness, 
knowing that the subject of molecules is the last that science 
will clear up. I write, not to make claims of originality, but 
dimply to correct an erroneous statement, and disavow all inten- 
tional injustice. 

Very respectiuUy, your obedient Servant, 

New Haven, Conn., James D. Dana. 

September 15, 1866. 

Pkil. Mag. S. 4. Vol. 10. No. 67. Nov. 1855. Z 
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XLII. On certain curioKs Motions observable fit the Surfaces of 
Wine and other Alcoholic lAquors, By James Thomson^ 
AM., C.E., Belfast*. 

» 

THE phsefDomena of capillary attiaetion in liquids are ac- 
oounted for, according to the generally reoeived theory' of 
Dr. Young, by tlie existence of forces equivalent to a tension of 
the surface of the liquid, uniform in all directions, and indepen- 
dent of the form of the surface. The tensile force is not the 
same in different liquids. Thus it is found to be much less in 
alcohol than in water. This fact affords an explanation of several 
very curious motions observable, under various circumstances, at 
the surfncps of alcoholic liquors. One part of these pbrrnomcua 
is, that it, in the middle of the surface of a ^dass ot wcitcr, a 
small quantity of alcohol or strong spirituous liquor be gently 
introduced, a rapid rushing of the surface is found to occur out- 
wards from the place where the spirit is introduced. It is made 
more apparent if fine powder be dusted on the surface of the 
water. Another part of the phsenomena is, that if the sides of 
the vessel be wet with water above the general level siirlace of 
the water, iiud if tlie spirit be introduced iii isuiiicieiit quanLity 
in the middle of the vessel, or if it be introduced near the side, 
the fluid is even seen to ascend the inside of the glass until it 
aocamnlates in some places to snoh an extent, that its weight 
preponderates and it falls down again. The manner in whidft I 
eiquain these two parts of the ph»nomena is, that the more 
watery portions of Uie entire snrface, having more tension than 
those which are more alcoholic, drag the latter briskly away, 
sometimes even so as to form a horizontal ring of liquid high up 
round the interior of the vessel, and thicker than that by which 
the interior of the vessel was wet. Then the tendency is for the 
various parts of this ring or line to run together to those parts 
which happen to be most watery, and so there is no stable equi- 
librium, for the parts to which the various portions of the hquid 
aggregate themselves soon become too heavy to be sustained, 
and so they fall down. 

The same mode of explanation, when carried a step furthc^r, 
shows the reason of the curious motions commonly observed in 
the film of wine adhering to the inside of a wine-glass, when the 
irlass^ having been partially lilk d with wine, has been sliiikcn so 
as to wet the inside above the general level of the surface of the 
liquid ; for, to explain these motions, it is only necessary further 
to bring uuder consideratiou that the thin fihn adhering to the 

* Communicated by the Author, having been lesd at the Meetiogof the 
British Anociatiom at Olbrngofw. 
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inside of the glass must very quickly become mor6 watery than 
the rest^ on account of the evaporation of the alcohol contained 
in it being more rapid than the evaporation of the water. 

1%at WB part of the e^lanation is oorreet, or tiiat these 
motions of the fibn in the wine-glass are really due to evapora- 
tion^ mar be shown by a very decisive experiment. If a vud be 
partly fiUed with wine and shaken, and then allowed to resty no 
motion of the kind described will be found to occur in the thin 
fihn wetting the inside, provided that the vial be kept corked. 
On the eork being removed^ however, and the air contained in 
the vial, and saturated with the vapour of wine, being withdrawn 
by a tabe» so as to be replaced by fresh air capable of producing 
evaporation, a liquid film is instantly to be seen creeping up the 
interior of the vial with thick or viscid-looking pendent streams 
descending from it like a fringe from a curtain. These appear- 
ances are quite of the same kmd as those met with in the open 
wine-glass. 

Another exjjcriniciit may be made to show, in a very striking 
way, the phaeuomenon of the more watery portion of the surface 
of a mixed liquid drawing itself away from the more alcoholic 
portion as follows: — If water be pound to the depth of about 
a tenth of au inch or less on a ilat ailver tray or marble slab, 
previously cleaned from any film which could hinder the water 
from tlioroLighly wetting its surface ; and if then a little alcoliol 
or wine be laid on thu middle of that water, immediately the 
water will rush away from the middle, leaving a deep hollow 
there, and indeed leaving the tray bare of all liquid except an 
eieeedingly thin fihn of the spirit, which continues always thin- 
nest dose to the margin of the water, because the water draws 
out to itself every portion of the spirit whieh approaches dose 
to its margin. 

The eiperiment alluded to near the commencement of the 
present paper, in which- ipirit was to be introduced into the 
middle of a sur&ce of water previously dusted o\ cr with fine 
powder, may be well conducted as follows »A tube for supply- 
mg the spirit should be provided*, which may be three or four 
inches long, half an ineh or three-quarters in diameter, and ter- 
minating at bottom in a small open point, which, if found too 
wide, may be partially stopped by the insertion of a piece of thick 
soft thread, such as a strand from the wick of a spirit-lamp. A 
knot on the thread msidc of the tube will serve as a valve to cur- 
tail or stop the flow of the spirit when required. The surface of 
the water should be clean and £ree from any kind of pellide, 

* The tube of a small glass syriage as sold by apothecaries will serve 
the purpose well, 

Z2 
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such as is often met with, and is sometimes not t asily avoided. 
It should then be lightly dusted over with some fine powder not 
apt to be quickly wet: Lycopodium powder will serve the par- 
pose. Then the tube filled with spirit is to be dipped with its 
open point into the surface of the water^ and instantly a nearly 
circular patch round the |K»iit of die tube will be Been oeeapied 
with Uqaid nubing outwards and eompletely divested of the 
covering of powder, while on the part outaide of that patch there 
will be seen, by the motiona of the powder, one, two, three, or 
many radial atreama flowing outwards from the middle, andotiber 
return streams or eddies flowing backwards to the margin of the 
patch, on airiving at which each particle seems suddenly as if 
driven outwards with a rapid impulse. The margin of the cen- 
tral patch is iisually to be seen formed like as of leaves of a plant 
growing out all round, and some supeiimpoaed on others, and 
all in rapid motion. The nature and causes of ihese forms of 
the margui, and of the eddies outside of the maigin, I have not 
as yet been able satisfactorily to explain. 

Another expcrimcTit mnyhe made which is quite in accordance 
with the explanations already ,^i\ en, and which, being due to con- 
densation of alcohol on a surface of water, is interesting^ when 
viewed in coniparison with that in which ihe motions were shown 
to be produced by evaporation: — If a silver spoon, perfectly 
wetted with water so that a thin film adheres to it, be held over 
an open cup or vessel containing strong: alcohol, the surface of 
the liquid will become greatly aeritatcd with numerous motions, 
which are to be attributed to the unequal and varying condensa- 
tion of the vapour of the alcohol at diSerent parts of the surface 
of the film, according as the vapour is wafted about in fumes by 
the air. 

While engaged in the investigation of the phsenomena which 
I have now described, my attention has been turned to some 
other very interesting phsenomena previously observed by Mr. 
Cornelius Varley, and described by him in the fifdeth volume of 
tiie l^aactions of the Society of Arts. He observed with the 
aid of the microscope numerous motions of extremely curious 
and wonderful characters in fluids undergoing evaporation. 
Althou^ I have not yet had it in my power to examine into all 
the phsenomena he has discovered relative to these motions, yet 
I think that many of th^, or all, are to be explained accordmg 
to the principles I have now proposed. 

I have not had access to the Transactions of the Society of 
Arts to read Mr. Varley's paper in full, but I quote the follow- 
ing abstract of his results from Queckett's 'Treatise on the 
Microscope,' 1st ed. p. 413: — "The plan rrcomnicnded is as 
follows : take an aninialcule-cage of moderate size, and upon the 
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tablet place a drop of turpentine or spirits of wine, &c.; then 
slide over it the thin glass cover, but do not compress the fluid 
very much ; the microscope being placed in the verticfil po- 
sition, and provided with a maGrnifyinc; power itom 40 to !()0 
diameters, the cd utents of the cage aie to be examined m the 
same way as if animalcules were contaiued in it. As the evapo- 
ration of either of these fluids takes place, numerous currents 
and vortices w ill be seen, especially if a small quantity of finely- 
powdered coal be ground into them ; the particles of coal being 
very light, arc held in suspension whilst the evaporation is going 
on, and are whirled about by the currents in different directions/* 
The following lluid^i Mr. Varlcy huij given ajj tiie best lor the 
illustration of the currents :— 

" 1. A drop of spirits of wme^ or tsi naphtha, exhihite two, 
tbreci or four vortices or centres of dicnlation, according to the 
size of the drop ; and if these vortices are viewed latenuly, the 
lines of particles will be seen forming oblique curves from top to 
bottom of the drop. 

''2. Oil of turpentine shows a rapid circulation in two conti* 
nuous s])irals, one to the right, the other to the left, around the 
drop. These meet in the opposite diameter, from which the 
particles are carried slowly across the diameter to the place of 
starting, and this continues while there is fluid enough to let it 
be seen. 

" 3. If, however, the drop does not exceed one-tenth of an 
inch in diameter, it presents the appearance of particles conti- 
nually risino: up in the middle, and radiating in gentle curves 

to the circumference. 

4. If the liquid be put mto a very small vial, similar motions 
are perceived, the particles when they have reached the side of 
the vial gomg down to rise up afterwards in the centre or 
axis. 

"5. If a bubble of air be enclosed in the liquid,, indtions 
similar to those described iii No. 2 are observed in the part im- 
mediately in coalaet with the bubble. 

6, In a flat drop of new wine laid on the tablet or disc of 
the aquatic live-box, but not cohipressed by the cover, the motion 
was a regular uniform circuhition, the particles rising from below 
at one end of the drop, then passing straight across on the sur- 
laoe, and descending at the other end/' 
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XLin. On Pre88igre9 of Saiuraied Vqtaurg^ 
JBy W. J. Macquobn Rankinb, C.E., FJL8. 

To the Editors of the PhUosopkicaL Magazine aad Juumal* 
Gbntlsmen, 

IN consequenoe of some remarks which have been addressed 
to me respecting my letter on the above subject in the 
Number of your Magazine for October, I think it desirable to 
explain, that the formula 

losP-A~|-^- (2) 

is m no iray deduced hom the formula 

logF=a— 6 «k)gr—^ •(B) 

and that the coefficients B , C' are not functions of a, b, c. In 
fact, the formula (2) was mgycsted as probable by the hyputhesis 
of an attraction between the liquid and its vapour, as explained 
in the Numbers of your Magazine for December 1851 aud Decem- 
ber 185 i ; and A, B, C arc ])art of an indefinite seri(!s of con- 
stants determined empirically, so as to agree with M. Regnault's 
experiments; while (3) is the result of an iiidc])ciideiit hypo- 
thesis as to a condition of saturated vapour^ which may^ as I 
have already stated^ prove to be purely ideal, and respecting 
which, therefore, I renain from entering into detailed investiga* 
tions until ve possess exact data as to ^ densitiea of vapours. 
The fbrmub of Fkofessor Holtsmann, 

logPssa-*^ 

appears to be neatly the same with that of Roche, and may be 
held to constitute the first (ipproximation towards the law of the 
maximum pressure of vapmirs. 

X have the honour to be, Gentlemen, 

Your most obedient Servant, 

W. J. Macquo&n Bankinb. 

Gksgow, October 1, 1855. 

Pil. Since the above remarks were written. Sir John Lubbock 
has done me the fikvour to send me a table diowing the differ- 
ences between the results of his formula (1) and those of the 

experiments of M. liegnault on steam ; the three constants in 
the formula having been determined from the same data with 
those in the formula published by me in 1849, vis. the pressures 
of steam at dG^'-Se, 100°, and 220"" Centigrade. 
These differences are, on the whole, greater than those result- 
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ing from my formula (2) ; but still they are so small as to lead 
to the tolluwiiig conclusion : — that to Sir John Lubbock lu longs 
the merit of having in 1810 first proposed a formula coiitaming 
three constants only, which is capable of givm^,'' the pressures of 
vapoui's With a near approximation to accui'acy throughout the 
whole range of eidsting experiments. 

W. J. Maoqvobn Ranums. ^ 

Glasgow, October 6, 1865* 



XLIV. On the Magnetic Variaiion m the Vicinity of the Cape of 
GoodHope* 2fy Colonel £dwakd Sabinb, IVeaa. Sf V*PM*8. 

To the Editors of the PMloeephieed Magaxme and Journal* 

Gentlemen, 13 Ashley Place, Oct. 16, 1855. 

IF ^ ou should have room for the accompanying communication 
m your November Number^ you will oblige me by its in- 
sertion. 

I remain^ 

Your obedient Servant, 

EnwA&D Sabimb, 



In a letter which has been printed and circulated by the Board 
of Trade, addressed to Mr. Hartnup of the Liverpool Observa- 
tory, by Ca])taia Klein of the Dutch Bark ' Magdalena,' who 
had been supplied at Liverpool, in April 1854, with a set of the 
marine meteorological instruments which had been iiiade under 
the superintendence of the Kew Committee of the British Asso- 
ciation, and verified at the Kew Observatory, it is satisfactory to 
read the testimony of an obviously ezpenenced navigator in 
regard to the effideni^ of the Kew marmd barometer. Captain 
Klein remarks, " I never observed with soeh a nice and beantifal 
working instrument as the Kew model barometer. With the 
greatest motion of the vessel it malces no greater jump than half 
a tenth ; while at the same time it is so very sensitive, that the 
series will give a correct idea of the atmospheric tides/' Captain 
Klein's testimony cannot but be very satisfactory to the gentlemen 
of the Kew Committee, and yet more so to Messrs. Welch and 
Adie, by whose inanity and pains the prevailing faults in the 
ordinary construction of the marine barometer have been greatly 
surmounted, whilst the price of the instrument has been reduced 
to about two-thirds of its usual previous amoimt. 

The object of the Board of Trade m printing and circulating 
Captain Klein's letter, was doubtless a desire to make his expe- 
rience of the good performance of these barometers known 
amongst the owners and masters of our merchant ships, with 



Digitized by Google 



886 Colonel £. SabiDo or the MoffneHe Vdnaikm m 

the view of introducing the use of these uistruments more exten- 
sively in our incrLaiitile marine, — an object which may be further 
promoted by making Captain Klein's opinion known to the 
readers of the Philosophical Magazine. 

Eat the particular object of this communication is not so much 
to give additional currency to the Captain's commendation of the 
Kew barometer, as to notice a remark of his which occurs snh- 
aequently in the same printed letter^ regarding maps of the mag- 
netic variation. The remark is as follows It was amnprising 
to see how inconect the ▼ariatkn charts are : my results oilferea 
often greatly from Baper's approximationsj and I should fre- 
quently ha?e wavered had I not invariably obtained the same 
amount as was indicated by the last observations made on land/' 
With respect to one of the authorities to which Captain Klein 
lefer^ vis. Baper's approximations/' I have of coiurse nothing 
to say ; I am not myself acquainted with the work ; but as being 
myself the author of a recent Map of the Variation over the 
North and South Atlantic Oceans, I could not but be solicitous, 
on reading Captain Klein's remark, to obtain a knowledge of 
any inaccuracies within the limits of that map which might 
appear to be substantiritcd by his observations; and havinp: un- 
derstood that tlie observations had been place d in the hands of 
Dr. Buys ] Fallot, Director of the Marine Meteorological Depart- 
ment in Holland, I wrote to that gentleman requesting him to 
coiHiiiunicate to me any particulars contained in them which 
might appear to be at variance with the variation lines in my 
map, to which I knt.w Dr. Buys Ballot had the means oi referring. 

I may here notice, that as the accuracy of my map rests wholly 
on the accuracy of the observations which were coordinated in 
its construction, I can have no motive whatsoever for not being 

Slad to receive coinrections, if more accurate observations are pro- 
need than those which were at my eommand when the map was 
constructed; and that for the express purpose of obtaining such 
corrections (should any appear to be required) by means of the 
officers of the Dutch Navy, who have the general reputation of 
being careful and skilful navigators, I presented several copies 
of my map a short time after it was published to Chevalier Swart, 
Hydrographer of the Dutch Navy, for distnbution among Dutch 
officers. The chief peculiarities inthia map which might be con- 
aidered to add to its practical value, were, that it was constructed 
in all its parts for one and the same epoch, viz. 1840 ; that no 
other observations than those of contemporaneous, or very nearly 
contemporaneous date, were employed in its construction ; that 
all the observations on which it was bast d were engraved on the 
face of the map ; and that a memoir was attached to it in which 
these observations were discussed, and their corrections, either 
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for local attraction if made on board ship, or for the difference 
of epoch if any, were carefully stated ; and a table was also 
given referring to different latitudes and lont^itudes, by which the 
variation in any particular locality withm the limits of the map 
might be approximately corrected for any other epoch (not very 
dutant firom 1840), conformably to the secular change whieh 
had taken place in tiie previona half oentiuy, or more eiactly 
between 1787 and 1840. 

Br. Buys Ballot haa kindly engaged to famish me with a fall 
acoounty both of Captain Klein'a obwrvattons and of othera made 
in the Dutch frigate 'Be Buyter/ in a aimilar voyage between Ba« 
tavia and Amaterdam, It appears that a large portion of these 
observationa l^ply to olher parts of the ocean than those com- 
prised in my map ; but the viemUy of the Cape of Good Hope, 
which is included in that map, is specially pointed out by l)r* 
Bi^ Ballot as a locality in which the Dutch observations are at 
variance with the maps. Dr. Buys Ballot writes as follows : — 
It is true that the corrections for local attraction are not applied 
(in the Dutch observations) in strictly due manner ; but 1 have 
persuaded myself that since the loral attraction was very small 
in tiiose two vessels, and did not t;xceed 4? m any direction, this 
error could not affect the conclusions in any ap})reciablc manner : 
therefore I think that really the maps give in the vicinity of the 
Cape a too great westerly variation." 

If I could entertain the slightest doubt about the accuracy of 
the variation as given in my map for the vicinity of the Cape of 
Grood Hope, I should most readily wait for the particulars whicli 
Dr. Buys Ballot is good enough to promise to furnish me ; but 
I think that I am able to diow that the variation in that locality 
aa given in the map, whel&er it be taken for 18^ or for the 
present time, xeita on too aolid a foundation to be shaken by 
observationa, however carelully made on ahqpboard, but which 
are uncorrected for the ship^a attraction* 

On reference to the memoir accompanying the map (Phil, 
l^rana. 1849, part 2. art. xii.), it will be seen that the first in im- 
portance amongst the authorities for the vartatioii at the Cape 
of Good Hope are the observationa at the magnetic observatory 
at that station, giving as a mean result 20^ 7'. The onlydoubt 
that could attach to a determination made with every care and 
precaution, and with the excellent instrumental means of a fixed 
maCTetic observatory^ restinpr also in this case on years of obser- 
vation^ would be tlie possibility of the existence of station error, 
viz. possible local deviation occasioned by rocks of particular 
character in the vicinity of the observatory affecting the needle ; 
but this is a matter which has been long since set at rest by 
the strict accordance which has been found between the results 
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obtained at the observatory itself, and at stations distant from 
it a few miles in different directions. Amongst these may 
be named the Tariations most carefully observed by Admiral Da 
Petifc Tliooan in False Bay in Apiil 1889 (29'' 90^ and by Sir 
James Clark Ross in Simon's Bay in Apiil 1840 (29^280. The 
general result is also oonfirmed by nesrly eotemporaneous obser- 
vations (1887 to 1845), made at sea in the vicinily of the Cape 
by Admirals Yalllant and Da Petit Thooars, ana Captains Sir 
James Clark Boss, Crozier, Moove and Clark, whieh are detailed 
in the memoir referred to, and are inserted in the map; the 
mean of all die sea observations, viz. 28^ 5 ]/, being shown in the 
map to correspond to the intcarsection of lat. —35° and long. 
Ijo which, with a proper allowance for latitude and lon^ 

gitude^ acr-ords almost precisely with 29° 07' at the obsenratory 
in lat. -33° 66' and long. 18^29' E. 

So far in regard to the accuracy of the map in relation to the 
period for which it was constnicted, viz. 1840; but it may be 
asked, may not the magnetic vanation in the vicinity of the 
Cape have altered since 1840 by the ojK iation of secular change, 
so as to make the determinations on which the map was based 
inapplicable to the present epoch? It is well known, that 
generally in the Southern Atlantic the westerly variation in- 
creases at a nearly uniform rate of secular change of about 8' in 
the year ; and it is also known that the same rate of secular 
increase, or uiore exactly 7'*56, did obtain at the Cape of Grood 
Hope from the earliest observations of Davis and Keeling in 1605 
and 1609, to those of Captain FitzRoy and of Sir James Horn 
in 1836 and 1840. (Cape Magnetic Observations, vol. i. p. Ix.) 
Had th» rate of secnlar change (which had ksted so long) con- 
tinued to 1864 (when Captain Klein's observations were made), 
the variation at the Cape would have been nearer 81*' than 
29^ 07^; that is to say, the westerly vaiiatioB in my map would 
have be^ m defect in 1854, instead of injeseeeet as Dr. Bu^ Ballot 
wipposes. The Cape^ however, was sdeoted as a station for a 
magnetic observatory, amongst other reasons for this one in par- 
ticular, that the form of the variation Unes in its vicinity^ and 
their Imown progress ficom east to west in the temperate sone of 
the southern nemisphere, gave reason to beheve that the secnlar 
increase of the variation which had taken place for ao many years 
was approaching the period of its termination, when it would be 
succeeded by a nearly stationary variation continuing for several 
years. The probability of this altcmtioii in the secular cli an s::(' ia 
noticed in the memoir uccoiiipLinyioi^ the map. (Phil. Trans. 1849, 
p. 200.) That it has been rcahzed, has been shown by the 
records of the Cape Observatuty. Between January 1841 and 
•Augost 1850,the westerly vaiiation had uicreased from 29° 7' only 
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to 29° 14'*6 ; or at something less than an average annual rate 
of 1'. (Cape Magnetic Observations, vol. i. p. Ixv.) Supposing 
this rate to have continued to 1854, when Captain Klein observed, 
the variation at the Cape should have been 29° 18', which is still 
ll'^rea/(?r than that which is shown by the map (instead of less). 

But we are not without data from the vicinity of the Cape still 
nearer the epoch at which Captain Klein observed, from which 
we may obtain a corroboration of the correctness of the variation 
as given in the map^ and its applicability to the present time* 
Lieatenant Thjaasa, B.N.^ form^ly of tlie Magnetic Obaemip 
tory of Van Diemen'a Land, whose flkill and aoenracy as a naiu 
tieal surveyor are justly held in the highest estimation, has tiaiis- 
mitted to the Admiralty the results of determinations in 1858 at 
ei^teen different stationsiy partly observed on land, and partly 
at sea on board H.M. Surveying Ship Hydra, between Capes 
Hangklip and Agnilbas. By the kindness of the Hydrographer, 
tiiese were sent to me as soon as they reached the Admiralty. 
The mean of the eighteen determinations is 24/. It would 
be difficult to say what result could be more in accordance with 
the map, allowing for the small difference of latitude and longi- 
tude. Therefore, had Captain Klein's observations agreed with 
the latest observations made on land (i. e. at the Cape Ob- 
servatory and on the coast in its vicinity), they would also have 
substantially agreed with my map. If they differ from it, they 
differ also from the observations obtained by many observers of 
high reputation both on shore and at sea. 

In conclusion, I wish to express the satisfaction with which I 
view the evidence afforded by Captain Klein's communication of 
the increasing interest w^hich is taken in these questions, since 
the attention of the mercantile marine of different nations has 
been called to their importance ; and I also see with pleasure the 
freedom with which Captain Klein's remarks and criticisms are 
given. We may confidently expect that one result of such in- 
creased attention will be improvement in maps of the magnetic 
variation in localities where they need improvement : and it may 
not be amiss to notice^ that smce^ by the inereaaed employment 
of iron in shipe, the compass has been rendered much more 
8ub|eet to deviation than it formerly was^ maps of the magnetie 
variation which can be relied upon, both as to qpoch and amount 
of variation, have, besides their primary use in navigation, this 
additional value, that a single observation taken of the vaiktion 
with the ship's head on the course which she may happen to be 
steering fnmiahes, by comparison with the map, the deviation 
of the compass with the ship's head on that particular point in 
that part of her voyage ; and thus such a map facilitates the 
task| which has now become an essential part of correct navigation. 
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of the continual exanunation, and correction when required, 
of the tables of the deviation with the ship's head on different 
points. The inverse proceeding, or the cudcavour to correct 
maps formed on a sufficiently extended basis of coordinated laud 
and sea observations by observatiojis at sea which have not been 
corrected for deviation, is hardly to be rccomnicnded : and doubt- 
less as vanation maps become more deserving in themselves, and 
their Tilae is b^ter known, will be leas likdy to bepraetlBed. 



XLV. On the Curvature oj the Indian Arc ; and the great GeO' 
logical Law, that the various parts of the Solid Crust of the 
Earth are perpetually undergoing a Citange of LeveL By 
Archdeacon Pratt. 

To the Editors of the PhUowpbieol Magazine and Journal, 
Gentlemen, 

OF the existence of the great law brought to light by the 
science of geology, that the various parts of the earth's 
surface are pci-petnally undergoing a chanc;e of level, there cnn 
be now no rcasouabk' doubt. The observations made on hind- 
marks on the coast of tlic Baltic, — the singular phsenonienon of 
the colmiius of the temple of Serapis near Naples, although now 
above the water-level, as they must have been when the teui])lp 
was built, and yet showing marks of having been below the sur- 
face, in the perforations of a kind of sea shell-fish at the present 
day flourishinsr in the neighbouring waters, — and the original 
researches and bold generalizalions of Mr. Darwin among the 
ancient and recent coral formations of the South Seas, — combine 
to establish the law in the most satisfactory manner. 

2. To assign a cause of this law may be more diffieolt tiban to 
recognise its existence. Mr. Babbage, and others after him, 
have attnbnted it to the expansion and contractioii o£ rnflsscs 
of rock beneath^ caused by accessions and withdrawals of heat 
through chemical agencies. Obscue as the origin of the law 
may be, the importance of its discovery cannot be over-estimated, 
as It supplies so dear an eacplanation of the wonderful alterna- 
tions of level which must have taken place to produce the phse* 
nomena of fresh- and salt-water formations which geology bxinga 
to light. 

3. Satisfactorily as a law of nature may have been made out, 
it can never be out of place to bring forward new illustrations, 

especially in one of such importance as this law possesses. I 
shall therefore make no apolop;y for askm^^ you to admit into 
your Magazine a proof drawn from an entirely new jnovinee, 
that of mathematical physics. The circumstances and arguments 
on which it is based I will now relate. 
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4. The mean ellipticity of the earth has been investigated by 
both the Astronomer Boyal and the late M. Bessel with great 
care, by a oompaiison of am of meridian meaamed in Tariona 
parta cn the eurth; and although the methoda weie somewhat 
different^ they arrived at the same eondnsion^ one making 

1 1 

the ellipticity g^^i the other gggigi the diitereuce being in- 
appreciable. Now this is the ellipticity to which theory leada 
us in supposing the earth to he in a fluid state, the density to 

increase gradually towards the centre by the law — ^ (r being 

the distance from the centre, and q a constant), the density of 
the superficial stratum to be that of granite, and the mean den- 
sity of tiie earth to be what the late Mr. F. BaUy madeit. This 
coincidence has been generally considered to be a conclusive 
argument in favour of the hypothesis that the earth was once 
fluid, and acquired its present form (at any rate its present mean 
form) at that time, and from hydrostatic principles. 

5. These investigations, however, do not show that the whole 
meridian throu|^ aoy place is exactly elliptical, nor that the 
meridiaus through places in different longitudes are all alike. 
They show merely that the mean curvature of the different parts 
of tne earth is that which corresponds with the Huid condition 
of its mass, whu h is, as I have said, a very strong argument in 
favour of the hypothesis of original fluidity. 

6. That the curvature of every meridian does not equal the 
mean curvature can, I think, be most satisfactorily proved in the 
case of the £?reat Indian arc, about 800 miles long, and lying 
between Kaliana (about 50 miles from the Himalaya Mountains) 
and Damargida. This arc has been divided into two nearly 
equal parts, and the lengths and astronomical amplitudes of both 
have been determined with great precision. The astronomical 
amplitudes, however, need correction fx the attraction of. the 
Himalayas, which are found to have a sensible effect upon the 
phimh-nne. !^ a paper published in the Transactions of llie 
Royal Society for the present year, I have given a method for 
calculating the eficct of this attraction, and have reduced the 
formulsB to numbers. On calculating the curvature of the Indian 
arc from the estimated lengths of its two portions, and the am- 
plitudes corrected for attraction, I find tnat it is greater than 
the mean curvature ; in fact, that the middle point ^ the whole 
800 miles is raised a few feet higher above the cord joming its 
extremities, than if it possessed the mean curvature. 

7. An hypothesis has been thrown out, since the publication 
of my result, to show that the effect of attraction from the 
enormous mass rising above the mean surfiekce in the Uimalayas, 
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would be eonnteraeted by a ooanter or negative attnetaon arising 
from a iefitkmey of matter below'*'. It ia asanmed that tbe in- 
terior of the evtih ia fluid, and diat the emat ia anffidently thin 
to allow the principlea of hydraatatica to legolate tiie external 
form <^ the am&ee, or that thia was the state of things when 
the surface took its present form. It ia farther assumed that 
the solid crust of the earth ia light compared with the fluid mass 
on which it floats. 



The eaae ia then taken (fig. 1) of a table-land 2 milea high^ 

Fig.l. 

'. e ■ ■ ■ 




100 miles wide^ and of indefinite length, — suggested, no doubt, 
• by the plateau from which the Indus and Brahmapootra flow, more 
than 10,000 feet above the sea-leve!, and forming the moat 
important part of the attracting mass in my paper. The mean 

crust is taken to be 10 miles thick, and therefore 12 at the table- 
land. It is then conceived that the crust is broken through in the 
dotted lines ahy cd, ef, where lies the greatest tendency to crack, 
and the force of cohesion necessary to prevent the two portions 
from sinking into the fluid below is estimated. The force is 
found to be equal to a weight of 20 miles' length of the rock ; 
and the conclusion is justly drawn, that as no such power of 
cohesion can exist in the crust, the state of things represented 
in fig. 1 cannot be that of nature. 

8. The hypothesis, as represented in fig. 2, is then suggested. 



Fig. 2. 




♦ See a paj^ in the Trausactions of the Royal Society for 1855, " On 
the Ck>mputatioii of the Effect of the Attraction of Mountam Mtunes»" &c., 
by O. B. Airy, Esq., Astronomer Royal. 
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that the table-land is supported by the buoyancy of a mass of 
crust projecting downwards into the heavy fluidi This repre- 
senting the state of things^ a mass ad rising above the sni&oe 
and attnetmg a distant station A, neoessarily implies a oone- 
sponding deficiency of mass in the loeslity be, eansmg an almost 
eqnal negathe attnMStum at A counteracting the fbrmer positive 
attraction. 

9. There are some difficulties in the way of this ingenioos 
hypothesis which I wish now to state. 

1st. On what pliysical principle can it be assumed that the 
cmst of the earth is lighter than the fluid immediately below it? 
It might rather be imagined, that by the process of consolidation 

in using heat it would become contracted and therefore heavier. 

2nd. If the result at which Mr. Hopkins has arrived in his 
calculations on precession be correct, that the solid part of the 
crust is at least 1000 miles thick, an enormous interval of time 
must have elapsed since the crust was sufficiently thin for the 
form of its surface to be affected by the fluid below. During 
this immense interval, there has been abundance of time for the 
geological law, of which I have spoken at the beginning of this 
paper, to have altered the form of the surface, originally given 
by hydrostatic principles, to such a degree as to have obliterated 
all traces of it ; indeed, the whole table-land and all the moun- 
tain range may have been heaved up during this time. 

10. But I have another, a third difficulty. If the crust be so 
thin, or was so when the earth assumed its present contour, what 
most be the state of the crust beneath deep and wide oceans ? 



Fig. 3. 




The state of things in fig. 3 could no more exist than that of 
fig 1. If we take the width of the ocean to be only 100 miles, 
and average depth 2 miles, and densitgrhalf that of uie cmstytiie 
cohesive force necessaiT to prevent the upward pressn^e of the 
inftemal fluid from broudng up the crust and letting ih thi ocean, 
18 a force c^ual toi the wei^ of about 14 milea rock. Tins 
state of thuga^cannot exists and we qpiust substitute fig. ^ in 
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Fig. 4. 




which there is a hollow in the under part of the eruBt, allowing 
the heavy fluid to rise to such a hdght above its mean level that 
the deficiency of weight of the ocean may exactly equal the excess 
of weight of the heavy fluid below. Any departure from this 
form would endanger a catastrophe. By introducing, then, the 
principles of floatation to explain the cause of the exterior form 
of the earth's surface, we come to the following concluaioa re- 
garding the inner sarface of the crust. 

Kg. 6. 




Wherever the exterior surface of the crust rises into moun- 
tains or sinks into ocean-beds, immediately beneath this the 
inner surface takes a precisely similar but inverse form, so as 
nearly to double tlie amoant of mereaae or decrease in the thick- 
ness of the cmst ; and any decided departure from this law would 
endanger a catastrophe. Now the singularity of this curious 
inverse law militates against its reali^. But more especiaUhr 
does it seem to contradict all notions of the process of soUdiEf- 
cation by cooling down. We can conceive no reason why the 
crust should have thickened so much less at ^than at ab and ed, 
but quite the contrary. It might have been expected that at / 
the crust would have thickened downwards faster than at b and 
d, till a pretty uniform thickness had been attained and kept up. 

11. I feel disposed, therefore, to hesitate about the «y^«*yFHy 
of a deficiency of matter below mountains, and rather to suppose 
that the variations of the present external form of the earth have 
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not been brought about by bydro«tatieal principles, alUiougbthe 
mean form has most probably been so. 
• 12* If tbie be a correct condnaion, it follows (see art. 6) that 
tbe country about the middle of the Indian are is more elevated 
by some feet tban its extremities* No doubt if this long are 
were farther subdivided into many portions, and their lengths 
estimated and their amplitudes corrected for attraction^ they 
would all be found to have different ellipticities, the mean of 
which would be the ellipticity of the Indian arc. For it is hardly 
to be supposed^ that if tbe form of the whole arc has been made 
to deviate from the fluid form by upheaval from below, that the 
curve of 800 miles has perfectly preserved its symmetry north 
and south of the middle point. Different portions arc no donbt 
bent differently, and this process ot calculation would show it. 
The calculation which I have made (and for tbe details of vvhicii 
I must refer to the paper in the Philosophical Transactions) 
exhibits this principle only for the whole arc^ and not for its 
parts separately. 

13. But this, I think, is sufficient to estiiblusii my point, and 
I gather from it the two followiug cuiiciusiuiis :— 

I. The crust of the earth was too thick at the time the surface 
assumed its present form^ and therefore is now too thick, to suffer 
the fluid below to regulate that fbrm ; for it has been proved 
that a large portion of it, the Indian arc of 800 miles, has not 
the form whioi tbe fluid theoiy requires* 

II. Since the epoch when the crust became too thick for the 
fluid below to regulate the form of the surface, other forces— of 
upheaval, or of depression, or both — must have been in action ; 
for the middle of the Indian arc is some feet higher than its two 
extremities when measured from the fluid level. 

The forces thus brought to light by an investigation in mathc* 
matical physics must be of the nature of those which exhibit the 
great geological law I proposed to illustrate. 

J. H. Paatt. 

JLAUsaime» October 6i 1B55. 



XLVI. ExaiiLuuilion of an Oiyanic Matter found in an ancieni 
Egyptian BuUle, By Philip B. Avres_, M,D. Lond.* 

A SHORT time since I was requested by my friend B. Night- 
ingale, Esq., to submit to analysis a substance he had 
shaken out of an ancient Egyptian bottle, supposed by him to have 
contained wine. The bottle was of coarse earthenware, formed of 
clay mixed with a considerable proportion of sand ; it was glo- 

* Ckmnnimicsted by the Author. 
PkiL May. S. 4. YoL 10. No. 67. Nw. 1855. 2 A 
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bular, with a vei^ short neck ; a mouth so narrow that the little 
finger could not be maerted into it; with two ears throoi^ 
which 8 strap or cord might he paaaed so aa to suspend it ; and 
of the capacity of about a pint. 

The substance ahaken, mnn thia bottle had efidently formed a 
crust on ita inner aurface^ produced by evaporation of^ or 8ubsi« 
deuce from^ ita former contents^ mixed with sand derived either 
from the coarse internal surface or from without. Aa presented 
to me^ it was a mixture of sand with flattened masses of a deep 
hfowniBh-black colour^ earthy fracture, porous atructurCj and a 
saline^ somewhat styptic taste. 

When heated on platinum foil over the spirit-lamp, a fragment 
burned with a clear flame, without either fusion or intumescence, 
leaving ;i charred mass, from which the charcoal was burned off 
with difiiculty. 

As the substance was thus proved to be orgamc, I picked out 
the masses from the sand ; but as much of organic uuittcr still 
remained mixed with the sand, tliis was employed for the quali- 
tative, reserving the ymier masses tor the quantitative analysis. 

A. Tlie sand mixed with the organic matter was boiled repeat- 
edly with distilled water, yielding a deep reddish-brown solution, 
approaching very closely to that of port wine, which after filtra- 
tion remained perfectly transparent, but of so deep a colour that 
when in bulk it jras black and opake. 

The solution reddened litmus diatinetljr, but not atroni^y. 

Hydrochloric, nitric, and sulphuric aeida threw down a light, 
flocculent, deep reddish-brown precipitate, kaviug the aupema* 
tant liquid of a pale atraw-colour. Solution of caustic potash 
caused no precipitate or change of colour. Solution of gelatine 
caused no change. Tincture of galla also produced no change. 
Lime-water deepened the colour, and produced a copioua hght- 
brown flocculent precipitate. Oxalate of ammonia rendered the 
fluid turbid without deepening its colour. Diacetate of lead 
caused so copious a brown precipitate as to render the liquid 
gelatinous. Acetate of lead, a moderately bulky, brown, floccu- 
lent precipitate, but not nearly so copious as that with the di- 
acetate. Sulpliate of copper, a brown precipitate. Sulphate of 
aknuin;i and ])ntash also a brown precipitate. Bichloride of tin, 
a light, iloeeuleiit, brown precipitate. A portion of the liquid 
evaporated to dryness left a black, sliiniug, brittle mass. 

B. The residue A, insoluble in boihng water, was treated with 
boiling alcohol, spec. giav. 0-835. The solution was light yel- 
low. It became turbid on the addition of water, and deposited 
granular, semicrystallinc, fatty matter by evaporation, which waa 
solid when cold, but melted on application of heat. 

C. The mixture of sand and organie matter insoluble in watrar 
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and alcohol waa next treated with aolution of eauitie potash* 
which without the aid of heat dissolved the greater poxtion of 
the remaining organic matter, and became deep hrowiii8h-blaok;p 
although perfectly transparent when viewed in thin layers. 

This waa evidently the insoluble humic acid analogous to that 
found in vegetable earth. It was precipitated in a flooenlent 
form^ of a brown colour, by hydroehloric acid* and the superna- 
tant liquid became light straw-colour. When washed and diied^ 
it was left as a shining, black, friable mass. 

2>. A portion of the deposit was heated to redness in a test- 
tube. It swelled up, partially fused, gave off a dense wliite 
vapour, w hich condensed into drops of a light yellow c*Tn])yrcu- 
matic oil, and left a bulky black charcoal. No odour of aiiini-juia 
could be perceived, noi' ^\ ^re any white vapours produced by the 
introduction of a rod moistened with hydrochloric acid into the 
tube, thus proving the absence of nitrogen. The odour of, the 
vapour and of the oil was that of burnt vegetable matter. 

Quantitative Analysis, 

A. 89*7 grains, the whole of the purer organic matter sepa« 
rable from the sand, digested with alcohol^ spec. grav. 0 835^ 
yielded a deep brownish-red solution. The whole of the aolnble 
matter was removed by repeated digestion with fresh portions of 
alcohol until exhaustea. The alcoholic eolations were mixed and 
evaporated to dryness, leaving a brownish residue weighing 15*6 
grains. During the evaporation, part of the waxy or resinoua 
matter separated and collected on the surface of the fluid. 

a. The alcoholic residue was treated ^^ itli sether, which dis^ 
solved a considerable portion^ forming a light reddish solutiimi 
which reddened blue litmus-paper strongly. 

The letherial solutions, on evaporation to dryness^ left a solid 
reddish-brown matter weighing 11*4 grains, which approached 
more in consistence to wax than fat. This residue yielded 
scarcely a tinge of colour tr> boiling water, on the surface of 
which it melted and collec t* d in drops. 

b. The undissolved residue {a) was treated with cold distilled 
water, which furinid a vinous-red solution, leaving the uudis- 
solved matter almost et)iyur]ess. The solution reddened litmus 
rather strongly. On evaporation to dryness it left a brownish- 
black matter, similar in most of its characters to the aqueous 
exUaet (i>), weighing 2*9 grains. Heated to redness, it first 
fused, then swelled up enormously, leaving a voluminous char- 

. eoal, which burned off very slowly and yielded 116 grain of ash. 

c. The reudne of the successive action <tf sther and water (6) 
was treated wi^ a boiling mixture <^ equal parts of sther and 
aleohoL in which it wholly dissolved.. The solution was ydlowish, 

2A2 
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became turbid on cooling, and again recovered its transparency 
wben heated. By evaporation it yielded a nearly white, friable, 
granular powder, which melted on exposure to heat, and burned 
with a white flame. 

B. The residue (A) exhausted by alcohol, treated with cold 
distilled water, yieldt d u red-brown solution so deep in colour as 
to be upalce when in bulk. It was finally exhausted, first with 
oold and afterwards with boiling water. The solution, evaporated 
to perfect dryness, left a black, shining, brittle residue, weighing 
ll'O grains. 

When heated, it burned with a very feeble flame, semi-fused, 
swelled moderately, and left a somewhat voluminous iridesecnt 
charcoal, which burned (iff very slowly. 5*6 grains yielded 
exactly I'O grain of aslies. 

The ash was partly soluble in distilled water. The soluble 
portion had a decided alkaline reaction, effervesced with acidM, 
remained clear on the addition of solution of caustic potash, giive 
a preci])itate with nitrate of silver which was almost wholly re- 
dissolved by nitric acid in excess; yielded a copious white pre- 
cipitate with chloride of barium, which diJ not wholly redissolve 
in hydrochloric acid, and gave a decided yellow precipitate with 
bichloride of platinum and alcohol. 

The portion of the ashes insoluble in water dissolved com- 
pletely m nitric acid with effervescence. The solution yielded,— 
with caustic potash, a white fiocculent precipitate ; with oxalate 
of ammonia, an abundant white precipitate; with caustic am« 
monia, a very slight precipitate, which became abundant on 
addition of phosphate of soda ; and with ferrocyanide of potas- 
sium, a deep blue tint, the liquid remaining clear. 

The ashes then consisted of carbonate of potash, traces of 
sulphate of potash, carbonate of lime, traces of carbonate of 
magnesia and of oxide of iron. 

C. After complete exhaustion by alcohol and water, the inso- 
luble residue B was treated, first with cold, and afterwards with 
boiling solution of caustic potash, so lonj^ as the liquid was 
coloured. The cold solution of potash became of so deep a red- 
brown colour as to be almost opake, even in a single drop. 

The mixed liquids were precipitated by dilute hydrochloric 
flcid in the sli^rhtest possil)lc excess; the precipitate collected, 
washed and dried, weighed 5*5 grains. It was black, shuung, 
and resembled perfectly in appearance the dried aqueous ex- 
tract B. 

D. Alter complete exhaustion by alcohol, water, and caustic . 
potash, the residue was light fawn-coloured, approaching to 
white. When perfectly dried, it weighed 7*7 grains. 

After complete incineration the loss was 2*7 grains, which 
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must be considered as insoluble liumus^ the terreau charhonneux 
of Berzclius. 

The aahes partially dissolved in eoncentrated hydrochloric 
acid^ leaving only some grains of sand and insoluble silica. The 
liquid was thrown on a filter; the insoluble matter^ collected^ 
washed and dried, weighed exactly I'O grain ; consequently the 
portion of the ash soluble in hydrodiloric acid weighed 4*0 grains. 
The filtered liquid yielded a copious, white, flocculent precipitate, 
with solution of caustic potash ; a copious, white, but not floccu- 
lent precipitate with oxalate of ammonia ; a very slight turbidity 
with chloride of barium \ a very slight flocculent precipitate with 
caustic ammonia J a blue tinge^ but scarcely a perceptible preci- 
pitatC; with fcrrocyanide of potassium; and a greenish-blue tinge 
with fcrridcyanide of potnssinm. 

The ash consisted th( n cbieflv of carbnnatr of lime, with 
traces of csu hoi^ate of ma^^uesiti; traces of sulphate of lime and 
of oxide of iron^ silicn and sand. 

The substances submitted to examination are then, — 

Resinous or waxy matter soluble in sethcr {Aa) 28*7 
Friable, pulverulent, resinous matter, soluble"! 

in a mixture of alcohol and rethrr {Ac), j 

Ex tru'ti VP matter sohibleinalcoholandwatcr(v4i) 4*3 

lied colourmg matter soluble m water {Bj . . 22'6 

Humic acid (C) 13-8 

Insoluble organic matter, the terreau char'\ g,g 

honncux of Berzelms J 

Ashes 20-5 

99-7 

The results of this analysis lead to the conjecture that the 
bottle was used for oontaining red wine; but as modeto wines 
contain mere traces of resinous or waxy matter, it was necessary 
to refer to the customs of the ancients and their treatment of 
wines. The ancients, not contented as we are in the present day 
with wine in its natural condition, were accnstomed to flavour 
their winrs with a variety of substances. Dr. Smith* states that 
they ( ;i( ('Lislomcd to throA\ mto the vats or amphorse various 
condiments or seasonings (medicamina, condit\u'?e), among- the 
chief of which were sea-water, turpentine, pitch, tar or resin, 
gypsum, l>urned marble, calcined shells, aromatic herbs, s[)ices 
and gums. Another mixture called mulsuni was conijjuscd of 
wine of must mixed with honey, in the proportion of four of the 
former to one of the latter. Honey contains wax, and it is by 
no means impossible that the rendne in the Egyptian bottle was 
that of some one of these vinous compounds. The large amount 

* Dictionary of Greek aud iiomau iiutiquities. 



Digitized by Google 



850 Vioi.'&v&mikeEwpermento^ 

of waxy or resinous matter evidences that it could not be pure 
wine, but either one of the compounds alluded to^ or mnlsiim ; 
mofit probably the fonner* As the Bomant derived many of 
their cattoms from the Greeks, so in turn the Greeks in all 
probability borrowed from the Egyptians, with whom they held 
ireqnent intercourse. It has been suggested to me, that the 
matter contained in the bottle was a land of varnish employed 
to fix the £re8co«paintinga adorning the £^;yptian tombs, whidi 
might be a solution of some waxy or resinous substance in wine; 
but I am disinclined to this opinion, on account of the large 

auantity of red colouring matter extracted by water, as wdl as 
lie small portion of residue oontained in the bottle. 
The red colouring matter was very analogous in its characters 
to that in port wine, but it had evidently undergone gradual and 
partial rhanirr into hnmic acid and insoltiblo hiimiis, The^e 
together constitute above one-tiiu'd of thr \v]iole organic luatter. 
The larce quantity of ashes is partly owm2: to the admixture of 
loose sand from the sides of the bottle, and to what must have 
penetrated from without in so sandy a country as Egypt. 



XL VII. On the Experiment of Leidenfrost. Extracted fiom a 
Letter from Professor Buft to Professor Tyndall. 

My dear Sib, 

WU£N I consider how well grounded your views are with 
regard to the origin of the phsenomenon described by 
Trevelyn^ I am surprised to find, with reference to another of the 
phsenomena of heat, namely the experiment of Leidenfrost, that 
the theoiy of a repulsive action at a distance by heat seems to find 
favour in your eyes. At least I must conclude so much from a 
casual rL'iiuu k m a memoir upon the subject by Mr. A. Church. 
Mr. Church mentions an experiment, which he witnessed in your 
lectures, by which you show that water in the spheroidal con- 
dition interrupts the passage of an electric current to the red-hot 
metal underneath*, and observes that you regard this experiment 
as ii prool that the surface of the vessel is separated by an in- 
terval from the di'op w ithin it. 

The same experiment has been often made and observed under 
various conditions by myself, but I am not able to ascribe to it 
the same force of proof, I only find that the passage of eleo- 
tricity through water in the spheroidal state is rendered es- 
tiemely difficulty and solely because the points of mutual eon- 
tact between water and metal are reduced to a comparatively 

* M. Poggendorff was, I believe, the first to perform this experiment. 
-J.T. 
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■mall number. The curreat can thereby certainly to all ap> 
pearance be interrupted ; whether this occurs or nojt, depend, 
according to my experienocj. for a given liquid, on the de- 
licacy of the galvanometer, on the strength of tli( ( lectromo- 
tive force, and finally on the size of the drop itself. The sphe« 
roidal water behaves towards the hot surface as mercury towards 
a wire dipped into it, wliich is not wetted by the liquid metal. 
In a memoir pubhshed several years ago [Anna fen der Chemie 
und Pharmacw, vol. Ixxvii. p. 1), I have commvmicated dif- 
ferent modes of experiment, which are, moreover, very easily 
devised, for the purpose of rendering visible the propagation of 
an electric current through water in the splieroiclal condition. 
The most evident, however, as I learned afterwards, is the electric 
glow first observed by Mackrell on thin lactaliic wires, when they 
arc used as electrodes of a very powerful electric circuit and im- 
mersed in hot water. In the case of the negative pole, it might 
be objected that during the continuance of the red heat it is 
tnrrounded by a brush (spruMkM^ ; thm, faoweyer> is not neces- 
sarily the case with the positive wire^ and when it is absent^ tiie 
wire exhibits at a red heat the phsenomenon of Lddenfrost per-> 
fectl^. The current, and even the electrolytic decomposition, also 
contmue ; for when the positive electrode disperses no brush, the 
gas developed upon it is always pure oxygen. ' The continuanoe 
of the current in this and similar cases is perhaps not a certain 
proof of the existence of direct contact ; for the layer of gas, or 
vapour between the water and the red-hot surface, may at this 
high temperature assume a small degree of conductibility. I 
am, however, only desirous of showing, that the extinction of 
the current in other cases cannot be regarded as a proof of the 
existence of an interval between the water and the surface by 
which it is sustained. 

Indeed, the splicroidal condition of water exhibits in its most ' 
essential phicnomena sufficient evidence against the idea that 
insulatioij and repulsion are necessary conditions of the sphe- 
roidal faiaLe. Permit me to lay before you bnedy those proofs 
which 1 regard as the most important. 

In a silver spoon coated with soot, water asserts the spheroidal 
form at ordinary temperature^, exactly as when the spoon is 
raised to a high temperature. 

The drop which rolls upon the hot surface of a liquid, for 
example a drop of aether upon water, bends the surfisce of the 
Hqui^ as a mereury surface is bent by the pressure of a rod of 
glass. 

Large drops assume* an oscillatory motion, which often con- 
tinue with remarkable regularity, and cause the formation of star- 
shaped figures : without a pardial contact of the water with the 
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•orface beneatli, the production of these figures would be an 

impossibility. 

The g:reatcst drops are not obtained upon such surfaces as 
radiate beat best, but on those which |)ossess the highest cnjjacity 
of conduction ; surfaces of silver are thereibre preferable to all 
others for these experiments. 

. The phsenomcnoii is jjioduced wirli volatile liquids only ; the 
higher the boiling-point of the liquid, the more stroi)ii,ly lieated 
must be the surface ou winch it rests, in order to hold it in the 
spheroidal state. The experiment therefore succeeds hett^r with 
lethei than witli wau r when had conductors are used vessels, 
such, for example, as porcelain and glass. The lowest tempe- 
rature at which the heated surface is not wetted by the liquid 
poured upon it, must always be higher than the hoiling-pomtof 
the liquid. For example, in a silver basin at 75^ C. sther, at 
187^ G. alcohol, and at 144^ C. water first assume the spheroidal 
form. 

In making these observations, I will not assert that Leiden- 
frost's drop cannot be separated from the heated surface which 

supports it. I believe, on the contrary, that even drops of con- 
siderable magnitude may be torn from the surface by the force 
of the developed vapour. I only affirm that such insulation is 
not the necessary condition for the production of the phseno* 
menon. This is caused, in my opinion, by the alteration produced 
by heat in the relative attractions exerted hy the surface of the 
vessel upon the liquid, and hy the Uquid particles upon each other. 

The surface of a vessel will, it is known, be wet by a liquid 
poured into it when the attraction of the matter of the vessel for 
the liquid is greater than that of the particles of the liquid for 
each other. In the reverse case the liquid asserts the spheroidal 
form. The mutual attraction of the particles of the body is with- 
out doubt diminished at a high temperature. If a silver basin be 
heated with the water within it, the surface continues wet even 
when the liquid boils. In fact, in this case the temperature of 
the silver basin is only a little higher than that of the water. 
The mutual attraction of the silver and the particles of water has 
therefore been diminished almost in the same jiroportion as the 
attraction of the water particles for each other; tne relation of 
the attractions remains constant. If the silver basin be heated 
beyond the temperature of boOing water, its adhesion for water 
must diminish in a greater degree than the cohesion of the par- 
ticles of the liquid which still remains at its boiling-point. Hence 
sooner or later a temperature will be attained, at which the co- 
hesion overpowers the adhesion. The wetting of the surface 
then ceases, and the spheroidal condition sets in, quite in har- 
mony with the ordinary laws of capillarity. 
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FerhapS; my dear Sir, you will be inclined to agree with this 
aiaimeT of viewiD|; the subject ; if so, I entertain the hope that 
you will excuse this somewhat elaborate statement of the question, 
with great esteenij I have the pleasure to subscribe mysdfj 

Yours most sincerely, 

Giessen, Sept. 29» 1855. H, BuFif. 

With reference to the subject of Prof. BufPs interesting 
letter, I may be permitted to say that I Lave never published 
anything on the experiment of Leidenfrost, though I have taken 
some pains to instruct myself as to the cause of this sin- 
gular phscnomcnon. At an early ])eiiud ui railway travelling, 
Mr. George Stephenson conceived the idea of making his loco- 
motives rest on steam springs. The steam within the hoiler 
formed an ekstic cushion for the support of the hoiler. My 
belief is^ that the spring suggested by the great engineer is pre- 
cisely that which supports the drop in the experiment of Leiaen** 
frost; the liquid^ I believe, rests upon a cushion of its own 
vapour. Some of my reasons for agreeing with those who hold 
this belief are as follows:— 1. The incessant motion of the drop 
necessitates a continuous expenditure of force, and this force is 
only attainable by the production of vapour underneath the drop, 
which, as is well known, speedily diminishes in bulk iu conse- 
qumioe of the evaporation. 2. In a deep concave vessel, the 
vapour escapes laterally from the liquid as it encounters the 
least resistance in this direction; but if the liquid be suffered to 
spread itself over a comparatively flat surface, or better still, if 
the surface be rendered a little convex towards the centre of the 
drop, the vapour tinds the resistance in a lateral direction greater 
than that in a vertical direction, and tlie steam actually breaks 
through the thin liquid layer above it and escapes at the centre. 
The existence of the va])our beneath the drop is thus easily 
reduced to demonstration. 3. ii an interval really exists between 
the drop and the surface, it occurred to me thai li ihis iiittrvai 
could be made manifest to the eye it would tend to settle the 
^uesticm. With this view I made the following experiment 
' silver basin was inverted, and the polished convex surface slightly 
dinted so that a drop might rest upon it. A fine platinum wire 
was stretched verti<»lly-behind the basin and united with llie 
poles of a small voltaic battery; the wire was in this way ren- 
dered vividly luminous. A drop of deeply black ink was placed 
upon the surface of the basin j bringing the eye on a levd with 
the bottom of the drop, and looking towards tne platinum wire, 
the latter was seen through the space between the drop and the 
bottom of the basin*. In this way the under surface of a drop, 
* A litHe q^iiit mixed with the ink renders the experiment moire eaqr* 
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lialf an ineh or more in diameter, may be eiBmined, and it will 
be found that the liquid is at no point in contaet with the metaL 
While, therefore^ I agree with M. Buff in rejecting the explana* 
tion which attribates the phnnomenon to a propping-up of the 
drop by the calorific raya, I think the facts justify the opinion 
that an interval exists between the liquid and the metal. Thia 
interval, as proved by Poggendorff^ is sufficient to interrupt 
an ordinary voltaic current; but being filled with vapour at a 
high temperature, it is quite conceivable, aa aurmiaed by M. 
Buff, that a small portion of a strong current may pass through 
it. M, T^nff^s observation, that the phrrnomenon is not exhibited 
except by those liquids which are capable of furnishing the ne- 
cessary vapmir, i^? also coniirinatory of the above view: and the 
fact that good eoii(hicrors. which quickly supply the heat neces- 
sary for evaporation, show the pha^nomcnon better than good 
radiators which do not furnish this &upjhy, appears to be equally 
corroborative of the opiuiuu which 1 have ventured to espouse. 



XLVIII. On the Hypothesis of Molecular Vortices, or Cmtri- 
fugal Theory of Efnsfinty^ and its Connexion with the Throj-y 
of Heat. By William John Macquobn Eankin£, C,E,, 

Sbction FiBST.^JRe^/tW between Heat and EsBpanam 

Preswre, 

(1.) TN February 1850, I laid before the Royal Society of 
JL Edinburgh a paper, in which the lawa of the preaaure 
and ezpanaion of gaaea and vapoura were deduced from the aup- 
poaition, that that part of the elasticity of bodiea whidi dependa 
upon heat, arises from the centrifugal force of the revolutions of 
the particles of elastic atmospheres surrounding nuclei or atomic 
centres. A summary of the results of this supposition, which I 
called the Hypothesis of Molecular Vortices, was printed in the 
Transactions of this Society, vol. xx., as an introduction to a 
series of papers on the Mechanical Action of Heat; and the 
original paper has since appeared in detail in the Philosophical 
Magazine for December 1851. 

In that paper, the bounding surfaces of atoms were detiued to 

* Comminueated b}' the Author, having been read to the Royal Society 
of Edinburjzh, December 15, 1851. 

[The fowming paper is republidied by permiision of the Goundl of 
the Royal Society of Edinburgh. It has recel\ ed no alterations except 
some verbal rovri f tions, some additionis to tlic forms of notation, and the 
onussion of some unnecessary repetitions. A tew notes have been added, 
whifih are dntuiginahed by datet .] 
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be imaginaiy surfaces^ situated between and mveloping the 
fttomic luidei, snd symmetrically placed with respect to them, 
wad having this property-— that at these surfaces the attractive 
and repulsive actions of tiie atomic nuclei and atmospheres upon 
each partide of atomic atmosphere balance each other. The 
pressure of the atomic atmospheres at those imaginary bound- 
. aries is the part of the total expansive pressure of the body which 
varies with beat; the effect of the centrifugal force of molecular 
vortices being to increase it. 

In the subsequent investigation it was assumed, that, owing 
to the symmetrical action of the particles of gases in all direc- 
tions, and the small amount of those attractive and repulsive 
forces which intprfrre with tlic elasticity of their atmospheres, 
no appreciable error would arise from tvffiting' the boundary of 
the atmosphere of a single atom, in caieulation, as if it were 
spherical ; an assumption which very nuich simplified the analysis. 

An effect, however, of this assumption was, to make it doubt- 
ful whether the conclusions deduced from the hypothesis were 
applicable to any substances excej)t those nearly in the state of 
perfect gas. I have, therefore, in the present pajier investi£?ated 
the subject anew, without making any assumption aa lo the 
arrangement of the atomic centres^ or the form of the bound- 
aries of their atmospheres, llhe equations deduced f^m the 
hypothesis, between expansive pressure and heat, are therefore 
applicable to all substances in all conditions ; and it will be seen 
that they are identical with those in the origmal paper; showing 
that the assumption, that the atomic atmospheres might 
treated in calculation as if spherical, did not give rise to any 
error. 

By the aid of certain transformations in those equations, I 
have been enabled, in investigating the principles of the mutual 
transformation of heat and expansive power, to deduce Joule's 

law of the equivalence of heat and mechanical power directly 
from them, instead of taking it (as I did in my previous papers) 
as a consequence of the principle of vis viva. Carnot's law is 
also deduced directly from the hypothesis, as in one of the pre- 
vious papers. 

f2.) Clnsfiific/ition of Elastic Prpsmres. — The pressures con- 
sidered in the pre ^cnt paper arc those only which depend on the 
volume occupied by a given weight of the substance ; not those 
which resist change of figure in solids and \ iscous iiquids. Cer- 
tain iiiaLliematical relations exist between those two classes of 
pressures, but they do not affect the present investigation. 

To illustrate this symbolically, let V represent the volume 

occupied by imity of weight of the substance, so that ^ is the 
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mean density ; Q the quantity of heat in unity of weight, that 
is to say, the vis viva of the molecular revolutions, whicli, accord- 
ing to tiie hypothesis, give rise to the expansive pressure depend- 
ing on heat; and let P denote the total expansive pressure. 
Thea 

P=F(V,Q)+^/l(V) (1) 

In this equation, r(V, Q) is the pressm*e of the atomic atmo- 
spheres at tlie surfaces called their boundaries, which varies with 
the centrifugal forct^ of the molecular vortices us well as with the 
mean density; and /(\') is a portion of pressure due to the mu- 
tual attractions and repulsions of distinct atoms, and varying with 
the number of atoms iu a given \ olumc only. If the above equa- 
tion be differentiated with respect to the hyperbolic logarithm 
of the density, we obtain the coefficient of emsticity of volume 

V" V V 
where li denotes the cubic compressibility. 

The latter portion of this coefficient^ ^f^^* consists of 

T 

two parts^ one of which gives rise to rigidity, or elasticity of 
figure, as well as to elasticity of volume, while the other gives 
rise to elasticity of volume only. The ratio of each of those 
parts to their sum must be a function of the heat, the former 
part being greater, and the latter leas, as the atomic atmosphere 
is more concentrated round the nudeus ; that is to say, as the 
heat is less ; but their sum, so far as elasticity of volume is eon* 
oemed, is a function of the density only. 

That is to say, let the total coefficient of elasticity of volume 
be denoted thus, 

1 

j-s=J + <^{Cj, CjyCa), .... (IB) 

^3 being coefficients of ri^dity round the three axes of 
elasticity, and J a coefficient of fluid elasticity ; then 



T T 



*(C„ C3) = - (i-yir{y. Q)) • ^yiv) 

T 

For the pnaent, we Iiave to take into coundentkm that por- 
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tiott <mlj of the expandve pressure which depends on density 
and heat jomtly, and is the means c& mutually converting heat 
and expansive power ; that is to 8ay> the pressure at the hound- 
aries of the atomic atmospheres, which I shall denote hy 

;^ = F(V,Q). 

Pressures, throughout this paper, are supposed to be measured 
by units oi weight upon unity of area; densities, by the weight 
of unity of volume*. 

(3.) Deiermimiion of the External Pressure of an Atomic 
Atiiiuspkere. — Let a body be composed of equal and similar 
atomic nuclei, arranged in any symmetrical manner, and enve- 
loped by an atmosphere, the parts of which are subject to 
attractive and repulsive forces exercised by each other and hy 
the nuclei. Let it further be supposed, that this atmosphere at 
each point has an elastic pressure proportional to the density at 
that point, multiplied by a specific coefficient depending on the 
nature of the substance, which I shall denote by A. (This coeffi- 
cient was denoted by h in previous papers.) 

Let p and j/ denote the density and pressure of the atomic 
atmosphere at any point; then 

Let 

il^ 

be the accelerative forces operating on a particle of atomic atmo - 
sphere, ill virtue of the molecular attractions and repulsions, 
which 1 have luatlc (jxplicitly negative, attractions being sup- 
posed to predominate. The property of the surfaces called the 
boundaries of the atoms is this, — 

(f),=* (f),"^ 

the suffix I being used to distinguish the value of quantities at 
those anrraces. Hence <l>i is a maximum or minimum. Those 
surfaces are symmetrical in form round each nucleus, and equi- 
distant between pairs of adjacent nuclei. Their equation is 

Let M denote the total weight of an atom, that of its atmo- 
spheric part, and M— that of its nucleus; then 

* Sept. 1855. — ^There is reason to believe that in many substances the 

elasticity of figure depwds on more than three independent coi fTicicnts; 
hut as tlie present paper relates to elasticity of volume only, the above 
equations are ueverthelesii sutticient to illustrate the classification of elastic 
pi'essures. 
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MY is tlie iroliime of tlie atom, 

j|y the mean deusity oi the atmosphenc part, measured by 

weighty the nucleus being supposed to be of insensible 
magnitude, 
and we have the following equations 



VSS ^ ffj' dx diy da 



The suffix (,) denoting that the integration is to be extended to 
all points within the surface 

According to the hypotheais now under consideration, heai 
consists in a revolving motion of the particles of the atomic 
atmosphere communicated to them by the nudei. Let v be the 
common mean velocity possessed by the nucleus of an atom and 
the atmospheric particles, when the distribution of this motion 
has been equalized. I use the term mean velocity to denote that 
the velocity of each particle may undergo small periodic changes, 
which it is uniicce^s^ary to consider in this investigation. 

Then the quautity of heat in unity of weight is 

being equal to the mechanical power of unity of weight filling 

through the height The quantity of heat in one atom is of 

course MQ, and in the atmospheric part of an atom /^Q. 

I shall leave the form of the paths described by the atmo- 
spheric particles indeterminate, except that they must be closed 
carves of permanent figure, and included within the surface 
= 0) . Let the nucleus be taken as the origin of coordi- 
nates, and let «, fi, y be the direction- cosines of t]|K motion of 
the particles at any point (iv, y, z). Then the equations of a 
permanent condition of motion at that point are 

Let r be the length, and c^iff,*/ the direction^cosines of the 
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ndins of camtore of the path of the paitides through (x^ y, z) ; 
then the above equations obviously become 

pax ax r 



(3A) 



If these equations are integrable^ 

ffj 

r r ^ r 

must be an exact differential. Let — > ^ be its primitive funetion^ 
the negative sign being used, because a', ff, y must be generally 
negative. Then the integral of the equations (3) is 

1 /*fy 1 

ioS,f»= j(2Q^-^)+ constant; 

or taking to denote the pressure at the bounding suitacc of 
the atom, 

p=^p^e . (4) 

Our pre- ( nt object is to determine the superficial-atomic den- 
sity and thence the pressure p^hp^ in terms of the mean 

density and heat Q. For this purpose we most introduce the 

above value of p into equatiou (2), giving 

e dxdydz, 
whence 

90 1 

P-^Pi-f^M'^JJJ^f ^ dy dz. (5) 

Let the volume of the atom be conceived to be divided into 
layers^ in each of which ^ has a constant value. Then we may 

make tlic following transformations : — 



y. . (6) 



k being a specific constant, and ^ and » fimcttona of ^ and of 
the nature and density of the aubstanoe. 



Digitized by 



i^60 Mr. Eankiue on t)te Hypotitem of Molecular Vortices, 

The lower limit of integration of <f> must be made — oo , that 
it may include orbits of indefinitely small magnitude described 
round the atomic centre. 

The nature of the function ^ is limited by the following con- 
dition 



Let 



i-fy-^'t^. m 



Then these transformations give the following result for the 
pressure at the bounding surface of an atom :~ 

h/t $a, 

-Si? a,", 0,"'. . 



(8) 



(o\i &c. being the successive differential coefficients of <o with 
respect to k^, when 4*^i*v 

(4.) The following trannbrmation will be found useful in the 

sequel. 

Let X be the indefinite value of log^V, and X| its actual value 
in the case under consideration. Let G be the same function of 
X which (0 is of k^, and let G', G", &c. be its successive differ- 
ential coefficients with respect to X. 

Let 



Then 



*/ — CP 



,= j^. .... . . . (9) 

The function H bus the following properties, which will be 
aitci wards referred to : — 

,„ \ (10) 

/ >=- S^ J 

(5.) Case of a Perfect Gas, — As a substance is rarefied^ it 
gradually approaches a condition in which the pressure, under 
uke circumstances as to heat, varies proportionauy to the den- 
sity. This is because the effeet of the molecular attractions and 
repulsions on the pressure diminishes with the density, so that 
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^P, 0), and (j approximate to constant quantities. la the limit- 
ing or perfectly gaseous condition, therefore, 

H - ^ 

and 

(6.) Equilibrium of Heat : Nature of Teay»eraiure and Real 
Specific HeaL'^When the atmospheres of atoms of two different 
Bubstancea are in contact at their common bounding surface, it 
is necessary to a permanent condition that the pressure in passing 
that surface should vary continuously. 

Let (a) and [b) be taken as characteristics, to distinguish the 
specific quantities peculiar to the two media respectively. Let 
dm denote the volume of an indefinitely llnii layer close to the 
bounding surface. Then the following equations must be ful- 
filled to ensure a permanent condition : — 

By making the proper substitutions in equation (4), it appears 
that 

Hence 

J.' 



Now p iB the same for both media : ^-^^e ^ is 
either a maximum or a minimum, so that its differential is null; 
and dmhti continuous function of k^, so that W — ^^^^ ip)* 
There remains only the function of heat, 

Therefore the condition of a permanent state, of molecular 
motion, that is to say, the condition of equUibriim of heat, is 
that this function shall be the same for the two substances ^ or 
that 

Hence temperature depends on the above function only ; for 

Phil Mag. S. 4. Vol. 10. Nu. G7. Nov, i85j. 2 B 
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tiie definition of temperature is, tb«i bodies at the same tempo* 
rature are in a permanent condition as to heat, so &r as tiieir 
mntnal action is concerned. 

The ratio of the real tpee^ heai of (a) to that of (&) is ob- 
Tioasly 

M.:*A (14) 

(7.) Mmuure of Temperature ami Spee^ The func- 

tion 6 is proportional to the pressure of a perfect at a con- 
stant density. That pressure, therefbre, is the most conTcnient 

measure of temperature. 

Let T denote absolute temperature, as measured by the press* 

nre of a perfect gas at constant density, and rt^rkoned from a 
certain absolute zei-o, 274°'6 Centigrade, or 494''-28 Fahrenheit 
briow the temperature of melting ice. Let be a constant 
which depends on thr It npth of a degree on the thermometric 
scale^ and is the same for all substances in nature. 
Then 



wi ^^^^ 



r 



(15) 



and the real specific heat of the substance, that is to say, the 
depth of fall, under the infinence of gravity, whidh is equivalent 
to a rise of one degree of temperature in the body, is repre- 
sented by 

h=gj^. . (16) 

The pressure of a perfect gas is represented in terms of tem- 
perature by 

• — — (1^) 

It may also be expressed thus : let Tq denote the absolute 
temperature of melting ice in degrees of the scale employed, and 
Vq the volume of unity of weight of the snbstance in the theo- 
retical state of perfect gas, at the temperature of melting ice and 
pressure unity ; then 

p'^^- 

V Tq 

On comparing this with equation (17), we see that 



(19) 
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Now h is the specific elasticity of the atomic atmosphere of the 

Babstance, is the mean specific gravity of that atnuMpliere 

wheu the body is in the theoretical state of perfect gas, and /c 
and Tq arc the same for all substances in nature. Therefore, /or 
way substance in nature, the mean specific gravity of the atomic 
ahmuphere m the theoreHeal state of perfect gas is imtersely pro^ 
portiontd to the specific etasticity of that aimo^here, 
Beal specific heat may also be thus expressed : — 

^-t/w' ••••••(«» 

in which conesponds to in my former papers, and ^ 

<^A> 

The factor N appears to depend on the chemical conatitntioii 
of the substance*. 

(8.) Total Pressure of Substances in general, expressed m terms 
^ temperature. 

In equation (9) let ~ be put for 6 ; then 

tc 

r=p +/[y) =ynv) + ^ G.- {g,- + &c} 

where 

A,=-^} A,— ^(G,«~G."), 
A,= -^,(G,«-»G,'G,''+G,'")i &e. 

This foriimla is identical with that which I employed in niy 
former paper, to represent the pressure oi an imperfect gas, and 
which I found to agree with M. Regnault^e experiments, when 
the coefficients A and the iuuciion f^V) had been calculated em- 
pirically f, 

• The values of N for atmospiieric air, oxygen, hydrogen, and carbonic 
0»de, diil^r from 0*41 by quantities which are within the limits of erron 
of obi<en Ation. (1863.) See alto Phi!. Miff. June 1853, and Tnna. Roy. 

60c. E<linl). vol. XX, p. 589. 

t For further applications of equation i lM ), see the paper of Mesars. 
Joule and Tiiojusou in the Phil. Trans, tor 16^. (Sept. Ibuo.) 

2B2 
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XLIX. On the Preparation o f Aluminium from Kryolite* 

By Allan Dick, Esq,^ 

IN the last Number of this Journal there was a translation of 
a paper of H. Rose of Berlin, describing a method of pre- 
paiing aluminium from kryolitc. Previously, at the suggestion 
of Dr. Percy, 1 had made some experiments on the same subject 
in the metallurgical laboratory of the School of Mines ; and as 
the results obtained agree closely with those of Rose, it may be 
interesting; to |i^ive a short account of them now, though no de- 
tailed description was })\djlished at the time, a small piece of 
metal prepared from kryolite having siuij)ly been shown at the 
weekly meeting of the Royal Institution (March 30, 1855), ac- 
companied with a few words of explanation by Faraday. 

Shortly after the publication of M. DcmUc's process for pre- 
)>aniig the metal from chloride of aluminium, along with Mr. 
Smith I tried to make a specimen of the metal ; but we found it 
a iiiLieh more difficult thing to do than Devillc's paper had led us 
to aiiiic!]KiU, auJ liud to remain contented with a nmch smaller 
piece than we had hoped to obtain. It is, however, undoubtedly 
only a matter of time, skill and expense, to join successful prac- 
tice to the details of M. Deville. 

Whilst making these experiments, Dr, Percy had often re- 
quested us to try whether l^yolite could not be used instead of 
the chlorides^ but some time elapsed before we obtained a spe- 
cimen of the mineral. 

The first experiments were made in glass tubes sealed at one 
end, into which alternate layers of finely-pounded kryolite and 
sodium cut into small pieces wei*e introduced, and covered in 
some instances by a layer of kryolite, in others by one of chloride 
of sodium. The tube was then heated over an air-gas blowpipe 
for a few minutes, till decomposition had taken place and the 
product was melted. When cold, on breaking the tube it was 
found that the mass was full of small globules of aluminium j 
but owing to the specific gravity of the metal and flux being 
nearly alike, the globules had not collected into one button at 
the bottom : to efiect this, long*continued heat would be required, 
which cannot be given in glass tubes, owini;- to the powerful 
action of the melted fluoride upon them. To obviate this difii- 
culty, a ])latinum crucible was lined with magnesia, by ramming 
the same hard in, and subsequently cutting out all but a lining. 
Into this, alternate layei*8 of kryolitc and sodium were placed, 
with a tbickish layer of kryolite on the top. The crucible was 
covered with a tight-titting lid, and heated to redness for about 
half an hour over the air-blowpipe. When cold, it was placed in 

* CommunicRted by the Author. 
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water, and after soaking for some time, the contents dup: out, 
gently crushed in a mortar, and washed by decantation. Two 
or three globules of aluminium^ tolerably large considering the 
scale of the experiment, were obtained along with a great num- 
ber of very small ones* The larger ones were melted together 
und^ chloride of potassium. 

Some experiments made in iron crucibles were not attended 
with the same results as those of Rose. No globules of any 
considerable size remained in the melted fluorides; the metal, 
seemed to alloy with the sides of the crucibles, which acquired a 
colour like zinc. It is possible that this difference may have 
arisen from using a higher temperature than Rose, as these ex- . 
periments were made in the furnace, not over the air-blowpipe. 

Porcelain and clay crucibles were also tried, but laid aside after 
a few experiments owing to the action of the fluorides upon them, 
which in most cases was sufficient to perforate them completely. 
■ These remarks, it is hoped, may tend to draw the attention of 
experimenters still further to kryolite as a source of this interest- 
ing metal ; although the experiments which led to them were 
earned only a short way towards the perfection whicii practice 
would probably confer. 

Metallui^ical Laboratory, School of Mines^ 
October 26, 1856. 



L. On the Pota^ and Soda Fd^pars of the DubUn Mountains. 
By Francis M. Jennings, mMJ^A,, F.G,S. 

To tlie Editors of the PhiUmplti&U Magazine and Journal, 
Gentlemen, 

TH E paper of the Rev. Prof. Galbraith in the August Number 
of your Journal, relative to the composition of the fel- 
spars of the Dublin Mountains, shows that he entirely mistakes 
tne object of my remarks, which were to this effect : that when 
an inference as to the composition of the felspar of a irrimite 
mountain is to be made, the specimen analys^ed should par- 
take as closely as possible of the general lithological character of 
the mountain. Now the specimen selected by Mr. W. Wilson of 
the Gcoloirical Survey, and carefully analysed by Mr. Dugald 
Cairipbell^ is very similar in its composition to those examined 
by Prof. England and ]\Ir. Foster (sec Proc. Royal Irish Acad. 
Feb. 28, 1853), whilst the analyses of the Rev. Prof. Galbraith 
are very different ; he, therefore^ is not in a position to charge 
others with want of care in the analyses, nor is he correct 
in saying, that to estimate the quantities of potash or soda in 
fdspar it is necessary to determine the quantities of silica^ &c. 
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Prof. GfObnith (Phil. M*g. Prof. Galbraitb. off mme 

Jan. 1855), his own selectum. specimen as ^U. Caiopb«U's« 

KO . . . 10-68 465 

NaO . . . 3-26 3 39 

Mr. Campbell, mnm specimen 

as Fro(. Galbraitb's. Mr. Fost^. Truf. Engiaud. 

KO . . . 3 02 4-15 6-!^ 

NaO . . . 8-98 4-84 6-89 

The difference iu Prof. Galbraitli's and Mr. Campbell's ana- 
lyses is not owing, I pre sum c, to uuy difference in the consti- 
tution of the fels]jai s, but i/iust probMy to the professor's not 
having taken out all the mica. 

These analyses leave the question of the quanUty of potash 
and soda m the felspar of the Three Kock Mountain thus : three 
aualygcs by three different men give the soda in excess; two 
by Prof. Galbraith give the potash iu excess^ that one his own 
selection giving the smallest quantity of sodm With this e?i- 
dence before usj is it not tmat premstqus to ar^e that this 
moimtsin contains* in its felspar a greater animtity of potash 
tiian soda? And it shows the danger of mak^g infinenoes as 
to the oomposition of minerals constitntbg a 1am portion of a 
motmtain nom one analysis, as dope by Prof. Gfubraith, How 
many it requires to be aible to jndge I ahull no% say, bat I think 
those gnren, unless all selected specially as being like in general 
character^ cannot have much bearing on the nuiteri and prove 
how much more is to be done before drawing condnsions from 
one analysKSj and that one different from all the others. Further 
discussion, I think, must be useless, until Prof. Galbrsith exhibits 
portions of the specimens which he has analysed ; and my caU- 
uig for their public exhibition is, I doubt not, the reason why 
m/ entering into this discussion is looked on by Fiof. Galbraith 
as an ''interference-^' 

I am, Qcntlemen^ 

Ypurs, 

FfUlfOIS M, JSDHl^QS* 

LL ProeeMiffi of teamed 8oeiHk8. 

ROYAL SOCIETY, 

[Continued from p. 309.] 

April 19, 1855. — ^T lie Lord Wrottesley, President, in the Chair. 

ri^HE following communication was read : — 
^ *' Reply of the President and Council of the Royal Society to 
an application from the Lords of the Committee of Privy Council for 
^nrade, on the subject of Marine Meteoioloncal Observations." 
(This Letter was commwiicated to the Society in pursuance of a 
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reaoltttiim of the Couneil, The Secretarjr eij^ained that it had been 
drawn up by the Treasurer* Colonel Sabine» and submitted, before 
final adoption by the Council, to several Fellows of the Sode^ spe- 
cially cooveraant with the subjects to which it refers.] 

Royal Societya Somerset Howe, 
February 22, 1865. 

Sir, — In the month of June last, the LfOrds of the Committee of 
the Privy Council for Trade caused a letter to be addressed to the 
President and Council of the Royai Socit ty, acquainting them that 
their Lordships were about to submit to rariiaraent an estimate for 
an Office for the Discussion of the Observations on Meteorology, to 
be made at sea in all parts of the globe, in oonlbrmity with liie re* 
commendation of a conference held at Brussels in 1853 ; and that 
they were about to construct a set of forms for the nse of that 
Office, in which they proposed to publish from time to time and to 
circulate such statistical results obtained by means of the observa- 
tions referred to, as might be considered most desirable by men 
learned in the science of Meteorology, in addition to such other in- 
formation as might be required for the purposes of Navigation. 

Before doing so, however, their Lordships were desirous of havin|^ 
the opinion of the Royal Society, as to what were the great dest- 
dexata In Meteorological science ; and as to the forms wmch mj 
be best calculated to exhibit the great atmospheric laws wbich it 
may be most desirable to develope. 

Their Lordships further state, that as it may possibly happen that 
observntions on land upon an extended scale may hereafter be made 
and discussed in the same Office, it is desirable that the reply of 
the Royal Society should keep in view, and provide for such a con* 
tingency. 

Deeply impressed with a sense of the magnitude and importanoe 
of the work whioh has been thus underti&en by Her Majeity's 
GoTermaent and confided to the Board of Trade, sad folly appsa- 

ciating the honour of being consulted, and the responsibility of the 
reply which they are called upon to make; — considering also that 

by including the contingenrv of land ob^en^atinns, the inquiry ia, in 
fact, co-extensive with the rc quircraents of Meteorology over ail 
accessible parts of the earth s surface, — the President and Council 
of the Royal Society deemed it advisable, before making their reply, 
to obtain the opinion of those amongst their foreign members who 
' are known as distinguished oulti'vators of Meteorological sdence* as 
wen as of others in foreign countries, who either hold offices con^ 
nected with the advancement of Meteorology, or have otherwise 
devoted themselves to this branch of scienoe. 

A circular wns accordingly addressed to several gentlemen whose 
names were transmitted to the Board of Trade in June last, con- 
taining a copy of the communication from the Board of Trade, and 
a request to be favoured with m\y suggestions whicli might aid Her 
Majesty's Government in an uiidertaking which was obviously one of 
general concernment. 
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Replies in some degree of detail have been received from five of 
these gentlemen copies of which are herewith transmitted. 

The Ihrendent and Cotmcil are glad to avail themselves of this 
opportunity of expressing their acknowledgements to these gentle* 

meo, and more particularly to Professor Dove, Director of the Me- 
teorological Establishments and Institutions in Prussia, whose zeal 
for thv advancement of Meteorology induced him to repair personally 
to England, and to join himself to the Committee by whom the 
present reply has been prepared. Those who are most familiar with 
the labours and writings of this eminent meteorologist will best be 
able to appreciate the value of his co-operation. 

The President and Council have considered it as the most con- 
venient course to divide their reply under the different heads into 
which the subject naturally branches. But before they proceed to 
treat of these, they wish to remark generally, that one of the chief 
impediments to the advancement of MeteoroloB:y confslsts in the very 
slow procuress which is made in the transmission froui one count ly to 
another of the observations and discussions on which, under the 
fostering aid of different Governments, so much labour is bestowed in 
Europe and America ; and they would therefore recommend that 
such steps as may appear desirable should be taken by Her Majesty's 
Government, to promote and facilitate the mutual interchange of 
Meteorological publications emanating from the Governments . of 
different countries. 

Barometer^ 

It is known that considerable difference?, apparently of a perma- 
nent character, are found to exist in ti)c mean barometric pressure 
in different jihices ; and that the periodical vuriatious in the pressure 
in diiierent months and seasons at the same place, are very different 
in different parts of the globe, both as respects period and amount; 
insomuch that in extreme cases^ the variations have even opposite 
features In regard to period* in places situated in the same hemi* 
sphere and at equal distances from the equator. 

For the purpose of extending our knowled^^e of the facts of these 
departures from the state of equilibrium, and of more fully investi- 
gating the causes thereof, it is desirable to obtain, by means of 
barometric observations strictly comparable with each other, and 
extending over all parts of the globe accessible by land or sea, 
taiki, showing the mean barometric pressure in the year, ta eoch 
mtmth of the year, and in the frnsr meteorologicttl seasons, — on land, 
at all stations of observation,— and at sea, corresponding to the 
middle points of spaces bounded by geographical latitudes and longi- 
tudes, not far distant from each other. 

The manner of forming such tables from the mai'ine observations 
which ajc now proposed to be made, by collecting together observa- 
tiona of the same month in separate ledgers, each of which should 
correspond to a geographical space comprised between specified 

* Dr. Ennan of fierUa ; Dr. Heis of Munster ; Prof, ^teil of Vienns ; Li^ut. 
Maaij of WishiD^n i sod M. Qnelelet of Bnistda, 
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meridiADt and paiallels» and to a particular moiUh, is too obvious 
to require to be further dwelt upon . The distances apart of the 

TTierkHnns and parallels \vill require to be varied in different parts 
of the globe, so that the magnitudes of the s])accs ^vhich they 
enclose, and for each of which a table will be formed, may be 
more circumscribed, when the rapidity of the variation of the par- 
ticular phenomeuou to be elucidated is greatest in regard to 
geographical space. Their magnitude will also necessarily wry 
with the number of observations which it may be possible to collect 
in each space, inasmuch as it is well known that there are extensive 
portions of the ocean which are scarcely ever traversed by sliips, 
whilst other portions may be viewed as the highways of a constant 
traffic. 

The ptrict comparability of observations made ni different ships 
may perhaps be best assured, by limiting the cxami nation of the 
instruments to comparisons whicli it is proposed to make at the Kew 
Observatory, before and after their employment in particular ships. 
From the nature of their construction, the barometers with which 
Her Majesty's navy and the mercantile marine are to be supplied 
are not very liable to derangement, except from such accidents as 
would destroy them altogether. Under present arrangements they . 
will all be CHrefully compf\rod at Kew before the}' nro sent to the 
Admiralty or to the Board of i'rade ; and similar arrangeiuents may 
easily be made by which they may be returned to Kew for re-examina- 
tion at the expiration of each tour of service. The comparison of 
barometers when embarked and in use, with standards, or supposed 
standsids, at ports which the vessels may visit, entails many incon- 
▼eniences, and is in many respects a mr less satisfactory method. 
The limitation here recommended is not, however, to be understood 
as applicable in the case of other establishments than Kew, where 
a special provision may be made for an equally careful and correct 
examination. 

At land stations, in addition to proper measures to assure the 
correctness of the barometer and consequent comparability of the 
observations, care should be taken to ascertain by the best possible 
means (independently of the barometer itself), the height of the 
station above the level of the sea at some steted locality. For this 
purpose the extension of levels for the construction of railroads will 
often afford facilities. 

It may be desirable to indicate some of the localities where the 
data, which tables such as those which have been spoken of would 
exhibit, are required for the solution of problems of immediate 
interest. 

i^. It is known, that, over the Atlantic Ocean, a low mean 
annual pressure existo near the equator, and a high pressure at the 
north and south borders of the torrid zone (23^to 80^ north and 
south latitudies^ ; and it is probable that from similar causes similar 
phenomena exist over the corresponding latitudes in the Pacific 
Ocean : the few observations which we possess are in accord with 
this supposition ; but the extent of space covered by the Facile is 
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lar^e and the observations are few ; they may be expected to be 

greatly increased by tlie means now contemplated. But it is parti- 
culnrly over the Indian Ocean, both at the equator and at the 
borders of the torrid zone, that the phenomena of the barometric 
pressure, not uuly annual but also monthly, require elucidation by 
obsemtioils. The Trade-winds, which would prevuii generally 
round the globe if it were wholly covered by a auifww of water, are 
interrupted by the large continental spaces in Asia and Au8tiidia» 
and give place to the phenomena of monsoons, which are the indi^ 
rect results of the heating action of the sun's rays on those conti- 
nental spaces. These are the causes of that displacement of the 
trade -winds, and substitution of r current flowing in another direc- 
tion, which occasion the atmospheric phenomena over the Indian 
Ocean, and on the north and south sides of that Ocean, to be 
diiferent from those in corrcbpoading localities over, and on citlier 
side of the equator in the Atlantic Ocean, and (probably generally 
also) in the F^ific Ocean. 

It is important alike to navigation and to general science to know 
the limits where the phenomena of the trade-winds give place to 
those of the monsoons ; and whether any and what variations take 
place in those limits in different parts of the year. The barometric 
variations ore intimately connected with the causes of these voriatiaus, 
and require to he known for their more perfect elucidation. 

The importance, indeed, uf a full and coinplete knowledge of the 
varia^ons which take place in the limits of the trade^winds gene* 
rally in both hemispheres, at different seasons of the year, has 
long been recognized. On this account, although the firesent 
section is headed " Barometer," it may be well to remark here, that 
it is desirable that the forms supplied to ships should contain 
headings, calling forth a special record of the latitude and longitude 
where the trade-wind is £irst met with, and where it is 6rat found 
to fail. 

2**. The great extent of continental space in Northern Asia 
causes, by reason of the great heat of the summer and the ascending 
current produced thereby, a remarkable diminution of atmospheiie 
pressure ip the summer months, extending in the north to the Polar 
Sea, and on the European side as far as Moscow. Towards the 
east it is known to include the coasts of China and Japan, hut the 
extent of this great diminution of summer pressure beyond the 
cnnpt? thn? named is not known. A determination of the monthly 
variation of the pressure over the adjacent parts of the Pacilic Ocean 
is therefore a desideratum ; and for the same object it is def^irable 
to iiave a more accurate knowledge tiian we now possess of the pre- 
vailing direction of the wuid in different seasons in the vicinity of 
the coasts of China and Japan. 

3^. With reference to regions or districts of increased or dimi- 
nished mem 0mnud pressure, it is known that in certain districts in 
the temperate and polar zones, such as in the vicinity of Cape Horn 
extending into the nntfirctir polar Ocean, and in the vicinity of Ice- 
landf the mean annual barometric pressure is QOiisiderably less than 
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the average preuure on the euiface of the globe generally; end thmt 
enomalout differences, also of eonsiderable amount, exist in the 
mean annual pressure in different parts of the arctic ocean. These 
all require specinl attention, with a view to obtain a more perfect 
knowledge of the facts, in regard to their atnount, geographical 
extension, and variation with the change of seasons, as well as to 
the elucidation of their causes. 

Dry Air and Aqueous Vt^mtr, 

The apparently anomalous wiations vhich have been noticed to 
exist in the mean amaual barometric pressure, and in its distribution 
in the different seasons and months of the year, are also found to exist 
in each of the two oonatituent pressures which conjohitly constitute 
the barometric pressure. In order to study the problems connected 
with these departures from a state of equilibrinm under their most 
simple forms, — and g-enerally for the true understanding of almost all 
the great laws of atinosjiiierin chansre, — it is necessary to have a 
separate knowledge of tlie two conbiituents (viz. the pressures of 
the dry air and of the aqueous vapour) whieh we are accustomed to 
measure together by the barometer. This separate knowledge is 
obtained by means of the hygrometer, which determines the das* 
ticity of the vapour, and iMds to the determination of that of 
the dry air, by enabling us to deduct the elasticity of the vapour 
from that of the whole barometric pressure. It is therefore 
extremely desirable that tables, similar to those recommended under 
the preceding head of the barometer, should be formed at every 
land station, and over the ocean at the centres of geographical spaces 
bounded by certain values of latitude and longitude, for the annual, 
wMKthly, and Moson pressures, — 1* Of the aqueous vapour; and 
9. Of the dry air ; each considered separately. Each of the -said 
geographical spaces will require its appropriate ledger for each of 
file twelve months. 

It may be desirable to notice one or two of the problems con- 
nected with exte nsive and important atmosphencai laws which may 
be materially assaisted by «uch tables, 

1°. By the operatiun ot causes which are too well known to re- 
quure explanation here, the dry air should always have a minimum 
pressure in the hottest montiis of the year. But we know that 
then are places where the contrary prevails, namely, that tiie pres- 
sure of the dry air is greater in summer tlmn in winter. We also 
know that when comparison is made between places in the same 
latitude, and haviiig- the same, or very nearly the same, differences of 
temperature in summer and in winter, the differences between the 
summer and winter pressures of the dry air are found to be subject 
to many remarkable anomalies. The variations in the pressure of 
tlie dry air do not therefore, as might be at first imagined, depend 
altogetJier on the differences between the summer and winter tem- 
peratures at the places where the variations themselves occur. The 
increased pressure in the hottest months appears rather to point to 
the existence of an overikiw of air in the higher regions of the 
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Atmosphere from lateral Murect ; tlie statical pressure at the base 
of the column being increased by the augmentation of the super- 
incumbent mass of air arising from an influx in the upper portion. 
Such lateral sources may well be supposed to be due to excesinve 
ascensionnl cnrrpfits caused by errrss^ivp summer heats in certain 
places of tlic globe (as, for example, in Central Asia). Now the 
lateral overflow from such sources, traversingr in the shape of cur- 
rents the higher regions of the atmosphere, and encountering the 
well-known general current flowing from the equator towards the 
pole, has 1)een recently assigned with considerable probability (de- 
rived from its correspondence with many otherwise anomalous 
phenomena already known, and which all receive an explanation 
from such supposition) to be the original source or primary cause 
of the rotating storms or cyclones, so well known in the West Indies 
and in China under the names of hurricanes and typhoons. A 
single illustration may be desirable. Let it be supposed ihat such 
an excessive ascensional current exists over the greatly heated parts 
of Asia and Africa in the northern tropical zone, — giving rise, in 
the continuation of the same zone over the Athmtic Ocean, to a 
lateral curr^t in the upper regions ; this would then be a current 
prevailing in those regions from east to west: and it would encounter 
over the Atlantic Ocean the well-known upper current proceeding 
from tlie equator towards the pole, which is a current from the 
south-west. An eri^tt rly current impiiiping on a south-west current 
may give rise, by well-known laws, to a rotatory motion in the atmo- 
sphere, of which the direction may be the same as that which cha- 
racterises the cyclones of the northern hemisphere. To test the 
accuracy of this explanation, we desire to be acquainted with the 
variations which the meaa prenare of the dry mr tmderyoes m tke 
different seanms in the part of the globe, where, according to this 
explanation, considerable variations having p«rticular characters 
ought to be foniid. 

2<*. Wc have named one of the explanations which have been 
recently offered of the primary cause of the northern cycloiies. 
Another mode of explanation has been proposed, by assuming the 
condensation of large quantities of vapour, and the consequent 
influx of air to supply the place. In such case the phenomena are 
to be tested in considerable measure by the variations which the 
other eonstttueHt of the barometric pressure, namely* the ajueoat 
Vt^our, undergoes. 

3". The surface of tea in the southern hemisphere mvr}} exceeds 
that in the mirthcrn hemisphere. It is therefore probable that at 
the season wlien the sun is over the southern hemisphere, evapora- 
tion over the whole surface of the globe is more considerable than 
in the opposite season when the sun is over the northern hemi- 
sphere. Supposing the pressure of the dry air to be a constant, 
the difference of evaporation in the two seasons may thus produce 
for the whole globe an OMmed barometric variation, the aggre- 
gate barometric pressuro over the whole surface being highest 
during the northern winter. The separation of the barometric 



Digitized by Google 



Report on Marine MeUorologieal Ohmvatums* 878 



pressure iuto its two constituent pressures would give direct and 
condnalvd evidence of the cause to which raoh a barometric 
variation should be ascribed. It would also follow^ that evapo- 
ration being greatest in the south, and condensation greatest in 
the nortii, the water which proceeds from south to north in a state 
of vapour, would have to return to the south in a liquid State, and 
might possibly exert some discernible influence on the currents of 
the ocean. The tests by which the truth of the suppositions thus 
advanced may be determined, are the variations of the meteor- 
ological elements in different seasons aiid months, determined by 
methods and instruments strictly comparable with each other, and 
arranged in such tables as have been suggested. A still more 
direct test would indeed be furnished by the fact (if it could be 
aiicertained), that the quantity of rain which falls in the northern is 
greater tiian that which falls in the soutliern hemis])here ; and by 
examining its distribution into the different months and seasons 
of its occurrence. Data for such conclusions are as yet very insuf- 
ficient ; they should always, however, form a part of the record at 
all land stations where registers are kept. 

In order that all observations of the elasticity of the aqueous 
vapour may be strictly comparable, it is desirable that all should be 
computed by the same tables ; those founded upon the experiments 
of MM. Begnault and Magnus may be most suitably recommended 
for this purpose, not only on their general merits, but also as being 
likely to be most generally adopted by observers in other coun- 
tries. 

Temperature of the Air, 

Tables of the mean temperature of the air iu the ) ear, and in the 
' different months and seasons of the year, at above 1000 stations on 
the globe, have reoentiy been computed by Professor Dove, and 
published under the auspices of the Royal Academy of Sciences 
at Berlin. This work, — which is a true model of the method in 
which a great body of meteorological facts, collected by different 
ol)-ervers and at different times, should be brought together and 
coordinated, — has conducted, as is well known, to conclusions of 
very considerable imi)ortance in their bearing on climatology, and 
on the general laws of the distribution of heat on the surface of the 
globe. These tables have, however, been formed exclusively from 
observations made on Umd. For the completion of this great 
work of physical geography, there is yet wanting a similar investi- 
gation for the occtmic portion ; and this we'may hopefully anticipate 
as likely to be now accomplished by means of the marine observa- 
tions about to be undertaken. In the case of the temperature of 
the air, as in tliat of the atmospheric pressure ])reviously adverted 
to, the centres of geographical spaces bounded by certain latitudes and 
longitudes will form points of concentration for observations, which 
may be made within those spaces, not only by the same but also by 
different ships ; provided that the system be steadily maintained of 
employing only instruments which shall have been examined, and 
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their iDtercompembility asoertamed, by a eompetent and mpotiiible 

Authority ; — and provided that no observations be used but those in 
which careful attention thaU have been given to the precautions 
which it will be necessary to adopt, for the purpose of obtnining the 
correct knowledge of the temperature of tlie external air, amidst the 
many disturbing influences from heat and moisture so difficult to 
escape on board ship. In this respect additional precautions must 
be used ii uigki obsvrvalions aie to be required, since the ordinary 
difficulties are necessarily mueh enhanced by the employment of aiti- 
fidai light. Amongst the instructions whi«di will be required, perhape 
there will be none which will need to be more eareftiliy drawn, than 
those for obtaining the correct temperature of the external air under 
the continually varying circumstances that present themselves on 

boRrd ?bip. 

in regard to hind stations, Professor Dove's tables have shown that 
data arc still pressingly required from tlie British North American 
possessions intermediate between the stations of theArctic Expeditions 
and those of the United States ; and that the deficiency extends 
across the whole North American Continent in those latitudes from 
the Atlantic to the Fkieific. Professor Dove has also indicated as 
desiderata! observations at the British Military stations in the 
Mediterranean (Gibraltar, Malta and Corfu), and around the Coasts 
of Australia and New Zealand : also that hourly observations, 
continued for at least one year, are particularly required at some 
one (station in the West indies, to supply the diurnal corrections for 
existing observations. 

Whilst the study of Liie diatributiun uf iieat at tiie surface oi the 
globe has thus be^ making progress, in respect to the mean anmuU 
ienq^eraiwre in different pkces, and to its perioikai variaiUms in 
different parts of the year at the same place, the attention 6f phy* 
alcal geographers has recently been directed (and with great promise 
of important results to the material interests of men as well as to 
general science) to the causes of tho«e fluctuations in tht^ tempera- 
ture, or departures from its mean or normal state at liie same place 
and at the same pcrioil of the year, whicii have received the name 
of *' non-periodic vuriaUons." It is known that these frequently 
affect extensive portions of the globe at the same time ; and are 
generally, if not always, accompanied by a fluctuation of an opposite 
character, prevailing at the same time in some adjoining but distant 
region ; so that by the comparison of synchronous observations & 
progression is traceable, from a locality of maximum increased heat 
in one retrion, to one of maximum diminished heat in another 
ren-ion. For the elucidation of the non-periodic variations even 
monthly means are insuihcient; and the necessity has been felt 
of coiri]mtin2: the mean temperatures for periods of much shorter 
duraliuu. ihe Meteorological InstitutiuiJo of those oi the European 
Staites which have taken the foremost part in the proeectttion <rf 
meteorology, have in consequence aidopted five-day meoMB as the 
most suitable intermediate gra&tion between daily and monthly 
aMHiB : and as an evidence of the coftviction whieh ie entertained 
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of Hie value of €tie oonclueioiiB to which this Investigatioii is likely 
to lead, it has been considered worth while to undertake the pro- 
digious labour of calculating the five-day means of the most reliable 

existing observations during a century past. This work is already 
far advanced ; and it cannot be too strongly recommended, that at 
all fixed stations, where observations shall hereafter be mnrlc with 
authcient care to be w^orth recording-, five-duy uicuiis may iuvaiiably 
be added to the daily, monthly, uud annual means into which the 
observatioiis are usually ooUeoted. The five*day means should always 
commence with January 1» for the purpose of preserving the uni^ 
fbrmity at diilerent stations, which is essential for comparison : in 
leap years, the period which includes the 29th of February will be 
of six days. 

In treating climatology as a science, it is desirable that some 
correct and convenient mode should be adopted, for computing and 
expressing the comparative vandlitUfy to which the temperature in 
different parts of the globe, and m diliereut paiU ol the year in tiie 
same place, is subject from non-periodic causes. The proMle 
vaHahilUy, computed on the same principle as the probabU error of 
each of a number of independent observations, has recently been 
suggested as furnishing an index "of the probable daily non-periodic 
variation " at the different seasons of the year ; and its use in this 
respect has been exemplified by calculations of the "index" from 
the five-day means of twelve years of observntions at Toronto, in 
Canada (Phil. Trans. 1853, Art. V.), An mdex of this description 
is of course of absolute and general application ; i?uppl} ing the 
means of comparing the probable variability of the temperature in 
different seasons at ^jsreift places (where the same method of com- 
putation is adopted) as well as at the same place. It is desurable that 
Ihis (or some preferable method if such can be devised for ob« 
taining the same object) should be adopted by those who may desire 
to make their observations practically useful for sanitary or agri- 
cultural purposes, or for any of the great variety of objects for which 
climatic pecuHarlties are required to be known. Having these three 
data, viz, the mean annual temperature, — its periodical changes in 
rcripecl Lo days, months, and seasons, — and the measure of its 
liability to non-periodic (or what would commonly be called, irre- 
gular) variations, — ^we may consider that we possess as complete a 
representation ol the climate of any particuhur place (so for as 
temperature is concerned), as the present state of our knowledge 
permits. 

It is obvious that mucli of what has been said under this article 
is more applicable to land than to sea observations ; but the letter 
of the Buard of Trade, to which this is a reply, requests that both 
should be contemplated. 

Teny^ature of the Sea, and Investigations regarding Currents* 

It is unnecessary to dwell on the practical importance to funngation 
of a correct knowledge of the currents of the ocean; their direction, 
•xtest, Telocity, and the temperature of the sur&ee-water relatively 
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to the ordibary ocean temperature in the same ktttnde ; together 
with the wiatione in all these respects which eiumiite experience 

in different parts of the year, and in different parts of their course. 
As the information on these points, which maybe expected to follow 
from the measures adopted by the Board of Trade, must necessarily 
depend in great dci^rce on the intelligence, as well as the interest 
taken in thuta by the observert?, it is desirabk: that tlic instructions 
to be supplied with the mcteorologicfil instruraeuU blumld contain a 
brief suuiruury of what is already known in regard to the principal 
oceanic currents ; accompanied hy charts on which their supposed 
limits in difierent seasons, and the variations in those limits which 
may have been observed in particular years, may be indicated, with 
notices of the particularities of the temperature of the surface-water 
by which the presence of the current may be recognized. Forma 
will also be required for use in such localities, in which the surface 
temperatures may be recorded at hoinlv or half- hourly intervals, 
M'ith the corresponding- tj^eoi^raphical puaitions of the ship, as tliey 
may be best inferred horn obser\'ation and reckoning. For such 
localities also it will be necessary that the tables, into which the 
observafions of difierent ships at difierent seasons are ooUeeted, 
should have their bounding lines of latitude and longitude brought 
nearer together than may be required for the ocean at large. 

In looking forward to the results which are likely to be obtained 
by the conternplnted marine observations, it is reasonable tliat those 
whicii may bear practically on the interests of navigation should 
occupy the first place; but, on the other hand, it would not be 
easy to over-estimate the advantages to physical geography, of 
general tables of the surface temperature of the ocean in the dif* 
ferent months of the year, exhibiting, as they would do, its nxamal 
and its abnormal states, the mean temperature of the difierent 
parallels, and the deviations therefrom, whether permanent* peri- 
odical, or occasional. The knowledge which such tables would 
convey is essentially required for the study of climatology at a 
science. 

The degree in which climatic variations extending over large 
portions of the earth's surface may be intiuenced by the variable 
plieuoiiieiia of oceanic currents iu different years, may perhaps be 
illustrated by circumstances of known occurrence in the vicinity 
of our own coasts. The admirable researches of Major RenneU 
have shown that in ordinary years, the warm water of the gieat 
current known by the name of the Gulf-stream is not found to the 
east of the meridian of the Azores ; the sea being of ordinary ocean 
temperature for its latitude at all seasons and in every direction, in 
the great space comprised between the Azores, and the coasts of 
Europe and North Africa : hut Major Renuell has fiUo sliown that 
on two occasions, viz. in 177G and in 1821-1822, the w arm water by 
which the Gulf-stream is characterised throughout its v^hulc course 
(being several degrees above the ordinary ocean temperature in the 
same latitude), was found to extend across this great expense of 
ocean, and in 1776 (in parttcuhur) was traced (by Pr. Fhmkltn) 
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quite home to the coast of Europe. The presence of a body of 
unufiiaUy heated water, extendiog for several hundred miles both in 
latitttde and in longitude, and continuing for several weeks, at a 
season of the year when the prevailing winds blow from that quarter 
on the coasts of England and France, can scarcely be imagined to 
be without a considerable influence on the relations of temperature 
and moisture in those countries. In accordance with this supposition, 
we tind in the Meteorologicfil Journals of the more recent period 
(which are more easily accessible), that the state of the weatlicr in 
November and December 1821 and January 1822 was so unusual in 
the southern parts of Great Britain and in France, as to have excited 
gpenerai ohservalion ; we find it oharaeterised as " most extmordi* 
narily hot, damp, stormy, and oppressive,*' that "the gales from 
the W. and S.W. were almost wi&out intermission," " the fall of 
rain was excessive " and " the barometer lower than it had ever 
been known for 35 years before." 

There can be little doubt that Major Renueil was right in 
ascribing the unusual extension of the Gulf-stream in ])articular 
years to its greater initial velocity, occasioned by a more tliau ordi- 
nary difference in the levels of the Gulf of Mexico and of the Atlantic 
in the preceding summer. An unusual height of the Gulf of Mexico 
at the head of the stream, or an unusual vdocity of the stream at its 
outset in the Strait of Florida, are facts which may admit of bein^f 
recognized by properly directed attention ; and as these must pre* 
cede, by many weeks, the arrival of the warm water of the stream 
at above 3000 miles' distance from its outset, and the climatic effects 
thence resulting, it might be possible to anticipate the occurrence 
of such unusual seasons upon our coasts. 

Much, indeed, may undoubtedly be done towards the increase of 
our partial acquaintance with the phenomena of the Gulf-stream^ 
and of its counter currents, by the collection and coordination of 
observations made by casual passages of ships in different years and 
different seasons across different parts of its course; but for that 
full and complete knowledge of all its particulars, which should meet 
the maritime and scientific rcrjuirements of the period in which we 
live, we must await the disposition of Government to accede to the 
recommendation, so frequently made to them by the most eminent 
hydrographical authorities, of a specific survey of the stream by 
vessels employed for that special service. What has been recently 
accomplished by the Government of the United States in this respect, 
shows both the importance of the inquiry and the great extent of 
the research ; and lends great wdght to the proposition, which has 
been made to Her Majesty's Government on the part of the United 
States, for a joint survey of the whole «tream by vessels of the two 
countries. The establishment of an office under the Board of Trade 
specially charged with the reduction and coordination of such data 
may materially facilitate such an undertaking. 

Storms or Gales. 

It is much to be desired both for the purposes of navigation and 
for those of general science, that the captains of Her Majesty's ships 
PhiL Mag. S. 4, Vol. 10. No. 67. Nov, 1855. 2 C 
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and masten of meiehant Tciseb ahonkl be oonectly and thorougbly 
instrocted in the methods of d»tingqiahing ia tUi eates between the 
rolatory ■torma or galea» which are properly called CyeloneB, and 
galea of a more ordinary chamieter, but which are frequently accom- 
panied by a veering of the wind, which under certain circum«tances 
might easily be confounded with the phenomena of Cyclones, though 
due to a very different cause. It is recomraended therefore that the 
instructions, proposed to be given to ships supplied with meteorolo- 
gical instruments, should contain clear and simple directiona fix 
dSatingaiahing In all nuet and wider all eircimiMtmues between these 
two kinds of storms ; and that the forms to be issued for recording 
the meteovological phenomena during great atmospheric disturbances 
should comprehend a notice of all the particulava which are required 
for forming a correct judgment in this respecL 

It is known that in the high latitudes uf the northern and southern 
hemispheres thunder-storms are almost wholly unknown ; and it is 
believed that tliey are of very rare occurreoce over the ocean in the 
middle latitudes when distant from continents. By a suitable classi- 
fication and arrangement of the documents which will be hmusefbro 
ward received by the Board of l>ade, statistical tables may in pro- 
cess of time be formed, showing the comparative frequency of these 
phenomena in different parts of the ocean, and in different months 
of the year. 

It ib known that there are localities on the glohe where, during 
certain months of the year, thunder-storms may be considered as a 
periodical phenomenon of daily occurrence. In the Port Royal 
Mountains in Jamaica, for example, thunder-storms are said to take 

place daily about the hour of noon from the middle of November 
to the middle of April. It is much to be desired that a full and 
precise account of ?uch thunder-storms, and of the cireumstances in 
which they appear to originate, should be obtained. 

In recording the phenomena of thunder and lightning it is de- 
sirable to state the duration of the interval between the flashes of 
lightning and the thunder which follows. This may be done by means 
of a seconds*hand watch, by which the time of the apparition of the 
flash, and of the commencement (and of the conclunon also) of the 
thunder may be noted. The interval between the flash, and the com- 
mencement of the thunder, has been known, to vary in differokt cases, 
from less than a single second to between 40 and 50 seconds, and 
even on very rare occasions to exceed 50 seconds. The two forms 
of ordinary lightning, viz. zigzag (or forked) lightning, and sheet 
ligiilniug, should always be distinguished apart; and particular aLten- 
tion should be given both to the observation and to the record, in the 
rare cases when zigzag lightning mther bifurcates, or returns upwards. 
A special notice shoiSd not fiul to be made when tiiunder and light- 
ning, or either separately, occur in a perfectly cloudless sky. When 
globular lightning (balls of flre) is seen, a particular record should 
be made of all the attendant circumstances. These phenomena are 
known to be of the nature of lightning, from the is^jury they have 
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occasioned in ships and buildings that have been struck by them; 
but they differ from ordinary lightning not only by their globular 
shape, but by the length of time they continue visible, and by their 
slow JDotion. They are said to ooeur sometinies witiioot the usual 
accompaniments of a stonui and evcfn with a perfectly serene sky. 
Conductors are now so uniyersally employed in ships, that it may 
seem almost superfluous to remark that» should a ^hip be struck 
by lightning, the most circumstantial account will be desirable of 
the course which the l!g:!ituing took, and of the injuries it occa- 
sioned ; or to remind tiie seaman that it is always prudent, after 
such an accident has befallen a ship, to distrust her compasses until 
it has been ascertained that their direction has not been altered. 
Accidents occurring on land from lightning will, of course, receive 
the fdUest attention from meteorologists who may be within con* 
venient distance of the spot. 

Auroras and Falling Stars, 

Aurorius are of such rare occurrence in seas frequented by ships 
engaired in commerce, that it may seem superfluous to give any par- 
ticular directions for their observation at sea ; and land observa- 
tories are already abundantly furnished with such. It is, of course, 
desirable that the meteorological reports received from ships should 
always contain a notice of the time and place where Auroras may 
be seen, and of any remarkable features that may attract attention. 

The letter from Professor Heis, which is one of the foreign com- 
munications annexed, indicate? the principal point? to be attended 
to in the instructions which it may be desirable to draw up for the 
observation of " Fallinir Stars." For directions concerning Halos 
and JPaihelia, a paper by Monsieur Bravais in the ' Annuaire M6t6o- 
rologique de la France 'for 1851, contains suggestions which will 
be found of mueh value. 

Charts of the Magnetic Variation. 

Although the variation of the compass does not belong in strict- 
ness to the domain of meteorology, it has been included, with great 
I rojmety, amongst the subjects treated of by the Brussels Confer- 
ence, and should not therefore be omitted here. It is scarcely 
necessary to remark, that whatever may have been the practice in 
times past, when the phenomena of the earth's magnetism were 
less understood than at present, it should in future be regarded as 
indispensable^ that variation-cliMts should always be constructed for 
a particular epoch, and that aU parte of the chart should show the 
variation corresponding to theopoch for which it is constructed. Such 
charts should also have, either engraved on the face or attached in 
some convenient manner, a table, showing the approximate annual 
rate of the secular change of the variation in the different latitudes 
and longitudes comprised : so that, by means of tiiis table, the varia- 
tion taken from the chart for any particular latitude and longitude 
may be corrected to the year for which it is ret^oired, if that should 
happen to be difoent from the epoch for which the chart is con- 
structed. 

ac2 
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A valuable senrice would be rendered to this very important 
branch of hydrography, if, under the authority of the new depart- 
ment of the Board of Trade, variation-charts for the North and 
South Atlantic Oceans, for the North and South Pacific Oceans, for 

the Indian Ocean, and for any other localities in which the require- 
ment? of navigation might cull for them, were published at stated 
intervals, corrected for the secular change that had taken place 
since the preceding publication. Materials would be furnished for 
this purpose by the observations which are now intended to be 
made, supposing them to be collected and suitably arranged with 
proper references to date and to geographical position, and to llie 
original reports in wUch the results and the data on which they 
were founded communicated* By means of these obser\'ation8 
the tables of np])roximate correction for secular change might also 
be altered from time to time as occasion should require, siuce the 
rate of secular change itself is not constant. 

All observed variations, communicated or employed as data upon 
which variation-charts may be either constructed or corrected, shpuld 
be accompanied by other observational data (the nature of which 
ought npw to be well understood), for correcting the observed varia- 
tion for the error of the compass occasioned by the ship's iron. U 
is also strongly recommended that no observations be received as data 
for the formation or correction of variation-charts, but such as are ac- 
companied by a detailed statement of the principal elements both of 
observation and of calculation. Proper forms should be supplied for 
this purpose ; or, what is still better, books of blank forms may be 
supplied, in wliich the observations themselves may be entered, and 
the calculation performed by which the results are obtained* Sucii 
books of blank forms would be found extremely useful both for the 
variation of the needle, and for the chronometrical longitude (as 
well as for lunar observations, if the practice of lunar observations 
be not, as there is too much reason to fear it is, almost wholly dis- 
continued). By preparing and issuing books of blank forms suit- 
able for these purposes, and by requesting their return in accompa- 
niment with the other reports to be transmitted to the Board of 
Trade at the couclubiou of a voyage, the groundwork would be laid 
for the attainment of greatly improved habits of accuracy in prao- 
tical navigation in the British mercantile marine. 

The Ftesident and Ck)uncil are aware that they haVe not exhauited 
the subject of this reply in what they have thus directed me to ad- 
dress to you ; but they think that perhaps they have noticed as 
many points as may be desirable for present attention ; and they 
desire me to add, that they will be at idl times ready to resume the 
consideration if required, and to supply any further suggestions 
whicli may appear likely to be useful. 

I have the honour to be. Sir, 

Your obedient Servant,' 
W. SHARPBY, 
See. 

The Secretary of the Lords of the Csm- 
mittee of Prwy Council for Trade, 
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June 21. — The Lord Wiottesley^ PresideDt, in the Chair. 

The following^ communications were read : — 
" On a suppoaed Aerolite or Meteorite found in the Trunk of an 
old Willow Tree in the Battersea Fields." By Sir Roderick Impey 

Murchison, F.R.S. 

In brins^ing this notice bnfore the Royal Society, it is unnecessary to 
recite, however briefly, tlie history of the fall of aerolites or raeteorites, 
as recorded for upwards of three thousand years, though I may be 
pardoned for reminding my Associates, that the phenomenon was 
repudiated by the most learned academies of Europe up to the close . * 
of the last century, llie merit of haidng first endeavoured to de- 
monstrate the true character of these extraneous bodies is mainly 
due to the German Chladni (1794)» but his efforts w^re at first 
viewed with incredulity. According to Vauquelin and other men 
of eminence who have reasoned on the phenomena, it was in 1802 
only that meteorites obtained a due degree of consideration and some- 
thing like a definite ]>]fire in science through the studies of Howard, 
as shown in his memoir published in the Philosophical Transactions. 

Vauquelin, Klaproth, and other distinguished chemists, including 
Berzelius and Rammelsberg, have successively analysed these bodies, 
and the result of their labours, as ably brought together in the work 
of the last-mentioned author, is, that whilst they have a great gene- 
ral resemblance and are distinguishable on the whole by their com- 
position from any bodies found in the crust of the earth, each of 
their component substances is individually found in our planet. 
Tiiey are also peculiarly marked by the small number of minerals 
which have collectively been detected in any one of them ; nickel 
and cobalt, in certain relations to irun, being the chief characteristics 
of the metallic meteorites. 

Of the various theories propounded to account for the origin of these 
singular bodies, it would indeed ill become a geologist like myself to 
speak ; and referring in the sequel to some of the various works in 
which the subject has been brought within formula, I will at once 
detail the facts connected with the discovery of this metalliferous 
body in the heart of a tree, as now placed before the Members of 
our Society, feeliner assured that, whatever be their ultimate deci. 
sion, my contemporaries will approve of the efforts that have been 
made to account for this singular and mysterious phenomenon. 

On the 3nd of June, a timber merohant, residing at North Brix* 
ton, named Clement Poole, brought the spedmen now exhibited to 
the Museum of Practical Geology, when it occurred to Mr. Trenham 
Reeks, our Curator, that it might be a meteorite, and on inspecting 
its position in the mass of wood, and having heard nil the evidence 
connected with it, I was disposed to form the same conclusion. On 
submitting a small portion of the metallic })art to a qualitative test 
in the metallurgical laboratory of our establishment, the presence of 
nickel, cobalt and manganese was detected in the iron included in 
the mas8» and as the surface was scorified, indented, uneven, and 
partially coated with a peculiar substance, the surmise as to the 
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meteoric nature of the imbedded material seemed to be rendered 
much more probable. Again, in looking at the wood which imme- 
diately surrounded that portion of the mass which remained, as it is 
now, firmly inserted in the tree, a blackened substance was observed 
to be interpolated between the supposed meteorite and the sur- 
rounding sound wood. On the outside of this substance (which had 
Bomewluit a charred aspect) we observed a true hark, which IbUowa 
the Binaorities of the wood wherever the latter appears to have been 
influenced by the intrusion of the foreign mineral matter, piie spe- 
dmen is represented in the annexed wood-cot.] 




Seeing thus enough to satisfy our conjecture, if sanctioned by 
other evidence, I desired Mr. Poole to bring all the fragments of the 
wood he had not destroyed which soxroonded this body. On placing 
the ends of some of these (also now exhibited) on the parts from 
which they had been sawed off, they indicated that the space be- 
tween the mineral substance and the snnoonding sound wood 
widened upwards ; the decayed wood passing into brown earthy 
matter with an opening or cavity into which rootlets extended. On 
inteiTogating Mr. Poole, who cut down the tree and superintended 
the breaking up of its timber, I learnt from him all requisite parti- 
culars .respecting its dimensions, the position of the ferruginous 
mass, the quantity of wood above and below it, a description of the 
place where the stool of the tree was still to be seen, and of the 
parties who, living on the spot, were acquainted witii every drciun- 
stance which could throw l^ht on the case. 

At thjis period of the inquiry, the Museum in Jermyn Street was 
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visited by Dr. Shepard, Professor in the Univennty College, Am- 
herst, Uoited States, whose researches on meteorites are widely 

known, and w^lio has fnrnishcd an able classification of them by 
which they are divided into the two grcnt classes of stony and me- 
tallic. Having carefully examined the specimen, Dr. Shepard ex- 
pressed his decided belief that it was a true meteorite, and the next 
day wrote to me the following account of it ; at the same time re^ 
ferring me most obligingly to a series of interesting publications on 
the snbject as printed in America and Burope*: — 

" Concerning the highly interesting mineral mass, lately found 
enclosed in the trunk of a tree, and of which you have done me tiie 
honour to ask my opinion, I beg leave to observe, that i have no 
hesitation in pronouncing it to be a true meteoric stone. 

** Aside from the difficulty of otherwise accounting for it, under 
the circumstances in which it is found, the mass presents those 
peculiar traits that are regarded as characteristic of meteorites. It 
has, for example, a fused, vitrified black coating, which is quite con- 
tinuous over a considerable part of the mass, and contaiiw several 
grains and imbedded nodular and vein-like portions of metallic iron, 
in which I understand nickel and cobalt have been detected. 

** The general character of the body of the stone is indeed pecu- 
liar ; and as a whole, unlike any one I have yet geen ; it being prin- 
(■i})iilly made up of a dull greyish yellow, peridotic mineral, which I 
liave nowhere met with among these production&, except in the 
Hummoney Creek meteoric iron mass, and which exists iu it only in 
a very limited quantity. It is singulsr to remark also, that the 
stone under notice strikingly resembles in size, shape and surface, 
tilie iron above alluded to. 

" The absence of the black, slaggy coating on one of the broad 
Furfnces of the stone, may arise from its having let n broken away, 
hy tlie violence to which it must have been subjected in entering . 
tlie tree; for it appears to have buried itself completely at its con- 
tact, an operation which would probably have been impossible, in 
the case of a stone, but for its wedge-siiaped configuration, and the 
coincidence of one of its edges with the vertical fibres of the wood," 

In reply to a question I subsequently put to Dr, Shepard as to 

. Dr. bhepard's numerous memoirs on meteorites are all to be found in the 
volumes of the Americsn Joumal of Seienee and Art, and in the twme work the 
reader will find not only the general classification of these bodies by this author, 
who possesses a collection from 103 localities, but also essays on the same subject 
by his countrymen Dr. Troost, Professor Siilimaa, jun., and Dr. Clark. 

In onr own country, Mr. Brayley pablUhed some years ago a comprehenrive 
virvv of this stihjrrt in the Philosophical Mafazine, and recently Mr, Greg lias in 
the same publication put together all the previous and additional materials, with 
tables showing the geographical distribonon of meteorites. Among the wdl- 
recoMed examples of the iUl of metallifaroQs meteorites, no one is more remark- 
able tlian that which happened in the yrar 1851, about sixteen lenn;iies S.E. of 
Barcelona in Spain. In describing that piienomenon, Dr. Joaquim lialcells, Pro> 
feuor of Natural Sdenees at Barceloaa, has Uluatrated the snbject with modi 
erudition, whilst his theoretical views are ingenioOB in hta endesTOur to explala 
how meteodtea aie derived £rom the moon. 
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whether he knew of any examplea of meteorites having ttnick trees 

' in Americf^, he replied as follows : — 

" 1 think you will find in the volume I left with Air. Reeks at the 
Museum, an account of the fail of Little Piney, MUsouri, February 
13th, 1839 ; in which it is stated that the stone struck a tree and 
was shattered to fi cigiuents« it being one of a brittle character. In 
the interior of the Cabarras oountf , N. Oarolina, a stone (O^oher 
31, 1849) I know struck a tree, and I found it was difficult, indeed 
impossible, to separate completely the adhering woody fibres from 
the rough hard crust of the meteorite. The stone in this case is a 
peculiarly tough one, having a decidedly trappean character, render- 
ing it as nearly infragile as cast iron." 

Aware that some time must elapse before the precise analysis, 
which 1 wished to he made in the laboratory of Dr. Percy, could be 
completed, and that tiie last meeting of the Royal Society was to be 
held this evening, I announced the notice I am now commonteatiDg. 
At the same time I resolved to visit the locality where the tree stood, 
and to obtain on the spot all the details required. Having done so, 
accompanied by Mr. Robert Brown, Sir Philip Grey Egerton, Pro- 
fessor J. Nicol, and Mr. Trenham Reeks, the inlbrmatkm ultimately 
obtained was as follows : — 

The man who helped to cut down the tree confirmed in every re- 
spect the evidence of Air. Poole as to it?, i)ufcition, height, and dimen- 
sions, and pointed out to us the stump or stool we were in search of, 
which is to be seen at nearly 200 yards to the east of the St. George's 
Chapel, Lower Road, Battersea Fields, and at the eastern end Si a 
nursery garden, between the railway and the road, occupied by 
Mr. Henry Shailer. 

The tree was a large willow, probably about sixty years of age, 
which stood immediately to the east of the old parsonage house re- 
cently pulled down. Its stem measured about 10 feet in circum- 
ference at 3 feet above the ground, and had a length of between 9 
ami 10 feet; from its summit three main branches extended, oiie of 
which, pointing to the S.W. or W.S.W., had been for many years 
blighted, and was rotten to near its junction with the top of the 
main trunk; a portion of this blighted main branch is exhibited. 
The other two main bianphes, which rose to a height of 50 or 60 
feet, were quite sound ; a part of one of these offiaete is also exhi- 
bited. 

The stool of the tree was visibly perfect and \vit)iout a flaw, and 
at the wish of Mr. R. Brown, a section of it has been obtained since 
our visit, which is also here, and the rings of which seem to confirm 
the supposition as to the age of the tree. 

Mr. Poole having conveyed the tree to Brixton, cut the trunk into 
two nearly equal parte, intending to make cricket-bate out of each. 
In doing so, he perceived that the upper portion of the lower of the 
two segmente was in a shaky or imperfect condition, and hence he 
resolved to saw off the upper part of it, intending thereby to obtain 
wood large enough for the " pods " of his crickct batp, but not such 
entire bats as he was making out of the upper gcgmeut. 
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In dividiDg tbe tree, the saw was stopped at aboat 8 inches from 

the surf'ace on one side (or the breadth of a larg^e saw) by a very 
hard, impenetrable substance, which was supposed to be a nail, and 
hence Mr. Poole resolved to break u[> the portion of the wood he 
had previously condemned as of inferior quality, and liHw ln^ it down 
from the sides he uncovered, to his astouiuhment, the great lump of 
metalltfeiotts matter, as now 8een.> Attaching little value to it, 
much of the surrounding wood was thrown away or* used up before 
the specimen was brought to Jermyn Street; but enough has been 
obtained to throw light on the probable or possible origin of the 
included mass. 

On interrogating Henry Shailer, a mRrket gardener, who has long 
lived on the spot and managed the ground where tlie tree grew, 
when it was part of the garden of the former clergyman (Air, VVed- 
dell}, 1 learut from iiim that he had known the spot for sixty years, 
that in his days €i boyhood It was a feUmonger's yard, before it was 
attached to the garden. He had observed that the tree was blighted 
in one of its main branches for many years, and had always sup* 
posed that it was struck by lightning in one of two storms, the 
hrst of which happened about 1838 or 1839* the other about nine 
years ago. 

So far the evidence obtained might be supposed to favour the 
theory that this ferruginous mass* had been dibciiarged near to the 
blighted branch, and had penetrated downwards into the tree, to the 
position in which we now see it, charring and warping the wood 
immediately around it in its downward progress ; whilst in the six- 
teen yeara which have elapsed, the wood renovating itself, produced 
the appearance which has so much interested the eminent botanists 
who have examined it, viz. Mr. R. Brown, Dr. Lindley, Professor 
Honfrey, Dr. J. Hooker, and Mr. Bennett. 

On the other hand, I must now point out some features of this 
extraordinary case which check the belief in the included mass being 
a meteorite. 

We found lying near the root of the tree two fragments, one of 
which is similar to the substance included in the tree, while the 
other is decidedly an iron slag. On bringing these fragments, 
weighing several pounds, to Jermyn Street, and on breaking one of 
them, it was found, like the supposed meteorite, to contain certain 
small portions of metallic iron, in which both nickel and cobalt were 
also present ; and hence the scepticism which had prevailed from 
the beginning of the inquiry in the minds of some of my friends, 
was worked up into a definite shape. 

The occurrence of stones enclosed in wood is not a novel pheno- 
menon. Mr. Robert Brown has called my attention to two cases 
as recorded in the foQowing works : — 

' ' De Lapide in trunco Betulse reperto. 6. F. RIchter in Acta Fhys. 
Med. Acad. Nat. Curios, volume 3, page 66 f." 

* The ferruginous tuass is, it is supposed, about tliirtv pounds in weight ; but as 
oiifi of its extremities is still imbedded io the wood, the precise weight cannot be 

t Lapis prsedurus subalbicans et manifeste siliceus pruni ferme aui juglandis 
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" Deseriptio Sazi in Quercu inveiiti. KeUaader, Acta literariA 
et Scientise Sueciie." 1739, pp. 502, 603. 

Since the Battersea phenomenon wa$ announced, Professor Hens-' 

low, to whom I had applied, wrote to me saying, that he po???e?sed 
a remarkable example of a stone which was found imbedded in the 
heart of a tree, in sawing it up in Plymouth Dockyard ; and he has 
obligingly sent up the specimen, which is now also exhibited. In 
this case, judging from tlie mineral character of the rock, and its 
being slightly magnetic, Frofeisor Houlow supposed that it was 
perhaps a volcanic bomb. On teiemuf it to Dr. Shepard* that 
gentleman entertains the opinion that it is also a meteorite, and 
states that it resembles certain meteoric stones "vrith which he is ac- 
quainted ; suspicions of which had also been entertained by Professor 
Henalow, From the examination of a minute fragment which T de- 
tached from this stone, it appears to be composed of a base of fel- 
spathic matter, with minute crystals of felspar and of maL^netic iron 
pyrites. Externally it has a trachytic aspect, though, when frac- 
tured, it more resembles, in the opinion of Mr. Warington Smyth, 
a pale Cornish elvan or porphyry than any other BritiMi rock with 
which it can be compared. Whatever may have been the origin of 
this stone» which is of the size of a child's head, it is essenti8% dif- 
ferent from the metalliferous mass from Battersea* to which atten- 
tion has been specially invited, and its position in the heart of an 
oak is equally remarkable. Like the Battersea specimen, the seg- 
ment of wood from Plymouth Dockyard is charact cri>ed by an inte- 
rior bark which folds round the sinuosities of the included stone. 

In respect to the envelopment of manufactured materials in trees, 
my friend, Mr. H. Brooke, the distinguished mineralogist, tells me 
that he perfectly remembers the case of an Iron cham which had 
been enclosed in the heart of a tree, the wood of which was sound 
around the whole of the included metallic body. This specimen 
was to be seen some years ago in the British Museum. Again, he 
informs me that at Stoke Newington he recollects to have seen a 
tree, the trunk of which had grown over and completely enclosed a 
scythe, except on the sides where its ends protruded*. 

Whatever may have been the origin of the metalliferous mass from 
Battersea, its discovery has at all events served to develope certain 
peculiarities in the growth of plants which appear to be of high in* 
terest to the eminent botanists who have examined the parts of this 
tree which surrounded the supposed meteorite. Unwilling to endea- 
vour to anticipate the final decision as to the origin of the body in 
qnp«ition, I may be permitted to feel a satisfaction that its discoverer 
brought it to the Establishment of which 1 am the Director, and 
which numbers among its officers a Fellow of this Society, who is so 

miuoris magnitndine. * * * * Nidus ad figuram lapidis non plane accomroodatus, 
ted qutdna^oliis, el bine illinc in mediocres rimsa deiiiwiM, corlioeque imprimli 
notabili, non nmHum ab exterinri cntr divrrso, Tnaximsm partem vestitns." 

* Many other examples of extraueous bodies fonnd enclosed in the heart of 
trees have been bfonght to my notice since this account was written. The most 
curious of these is perhaps that of an image of the Virgin, which having been 
placed in a niche had become imbedded by the growth of the tree around it. 
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veil ealcolated, hj his analytical reaeaxches, to settle the qnestion on 
a pennanent hasis. Should the metiJlorgical analyses now under the 

conduct of Dr. Percy lead to the inevitable conclusion that the com- 
position of this hody is different from that of well-authenticated 

meteorites, and i<s similar to that of nn doubted iron slags, we shall 
then have obtained jjroofs of the great circumspection required be- 
fore we assign a n^ctcoric origin to some of these crystalline iron 
masses, which though not seen to fall, have, from their containing 
nickel, cobalt and other elements, been supposed to be formed by 
causes extraneous to our planet. 

Postscript, 30th June 1855. — The following are the analyses above 
referred to, which have been given to me by Dr. Percy since the 
preceding notice was read : — 

** T/w slag-like matter ( 1 ) attached to the metal in the tree, as well 
as the simiUr matter ^2) with adherent metal which was found by 
Mr. Reeks in tfaeTicinity of the tree» has been analysed. The results 
aie as follow * 





No. 1. 


No. 2. 


Silica 


. 58-70 


63-52 


Protoxide of iron 


35-46 


32*30 




0-30 


0*59 




0-74 


0*21 


Protoxide of manganese . . . 


trace 


trace 




3*40 


2-85 




0-43 


0*57 




trace 


trace 




9903 


10004 



" No. 1 . was analysed by Mr. Spilier, and No. 2. by Mr. A. Dick, 
chemists who have been iDCc>s;intly encaged at the Museum during 
the last two years and a half in the analyses of the iron ores of this 
country, and whose great experience renders their results worthy of 
entire confidence. Cobalt and nickel were not sought for in either 
caae, but the metallic iron enveloped in both specimens contained a 
minute quantity of cobalt and nickeL AnoHier piece of slag-like 
matter, which was found on the ground near the tree, and which 
from its external characters I have no hesitation in pronouncing to 
be a slag, was examined for cobalt and nickel, and gave unequivocal 
evidence of the former in minute quantity, though not satisfactorily 
of the latter. 

'* The metal previously mentioned is malleable iron. That which 
was detached irom the slag-like matter, found outside tlie tree, was 
filed and polished, and &en treated with dilute sulphuric acid. 
After this treatment, the snr&ce presented small, confused, irregu- 
larly-defined crjrstalline plates, and was identical in appearance with 
the surface of a piece of malleable iron similarly treated after fusion 
in a crucible." 
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Extract of a Letter from Professor Langberg of Christiania to 
Colonel Sabine, dated June 10, 1853. 

Of all the important results from the discuBsions of the British 
Colonial Observatory, the discovery of the direct action of the sun 
on the magnetism of the earth is certainly a fact of the highest in- 
terest, in opening quite a new field for investigation; and few modern 
discoveries in this branch of science have interested me more than 
yours of the annual variation of the diurnal variation of declination. 
It seems that 2^1. iSecchi ul Rome has nearly touched at the same 
discovery, and I am indeed glad that the enormous quantity of cal« 
eolatioiis, which you are superintending, did not prevent you from 
publishing your results before the ripening fruit was plucked by an* 
other. The first beautiful result of this annual variation is the ex- 
planation of the fact, which you have deduced from the observations 
at St. Helena and the Cape of Good Hope, that the horary variation 
of declination does /lot vanish in passing from the northern to the 
southern magnetic hemisphere, but only changes signs at the equi- 
noxes. I think every physicist will agree with you, that no thermic 
hypothesis will be able to explain this annual variation, but as you 
say (Toronto, ii. p. xix), it is ' obviously connected with, and de> 
pendent on, the earth's position in its orbit relatively to the sun, 
around which it revolves, as the diurnal variation is connected with 
the rotation of the earth on its axis.' But you have given no hint 
how this different position in its orbit can affect the magnetic condi- 
tion of the earth, except so far as you sup]><>8e that the excentrinity 
of the orbit is the reason that the total raa^ lu tic foice is about -j-?^^ 
greater at the perihelion than at the aphelion (page xciii) ; but even 
granted that this variation is the effect of the excentricity, it cannot 
be the cause of the annual variation of the dedination, as this is of 
contrary signs in the two semiannual periods. 

" I have thought that this annual variation might possibly be ex • 
plmned by the following considerations, which 1 (although with" 
extreme diffidence) shall venture to lay before you. 

** As the recent magnetic observations have proved without doubt 
the direct magnetic action of the sun, or that the sun itselt is a 
magnet, the sun must accordingly have magnetic polarity or mag- 
netic poles. Now in our iguurunce of the causes of the magnetic 
condition of the heavenly bodies, I think it reasonable to connect it 
in some way with tfieir rotation on their axes, and to assume that 
generally their magnetic axis will nearly coincide with the axis of 
rotation ; at all events, if these do not coincide, but include a small 
acute angle, the sum of the magnetic influences on a distant mag- 
netic body during a whole rotation, will be nearly tlie same as if the 
magnetic poles were placed in the axis of rotation. If v/e suppose 
a mnp-nct E revolving about another S, the magnetic axis of E re- 
nKiiiiiui; ] irallci with itself, but not parallel with the axis of S (as 
the earth around the sun), then the magnetic induction of S on E 
will depend on the relative position of both magnetic axes. More- 
over, if we only regard the mean of the magnetic induction of the sun 
on the earth during several rotations of both on their axes, we- may 
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approzimately assume that the magnetic axis of both coincides with 
the axis of rotatioD, and compare their relative position during a 
'whole revolution or annual period, with the magnetic variation in 
question. Now, if a plane is laid through t^e sun's axis parallel 
with the axis of the earth, this plane intersects the ediptic in two 
points, whose longitudes are 286° and 106°, and has an inclination 
of 83°"2, both axes forming an angle of L^5°"R. Accordingly, the 
northerly prolongation of both axes will converge (as ia 1 and 2) 




when the longitude is 286°, or about seventeen days after t^:^€t8^m^Ie^ 
solstice, and the southerly prolongation (as in 2 and 3) when tlie 
longitude of the eaiidi is 106^> or sixteen days after the winter 
solstice. About sixteen dojfs ofUtr ths, e^umoset tiie axes are in the 
position 2, and the radius vector forms the greatest angle with the 
above-named plane, viz. 83°*2. It is therefore evident, that the 
greatest magnetic induction takes place at the two solstices, but of 
opposite character, as the north poles converge in one, and the south 
poles in the other semiannual period: the change takes place ,sm?- 
teen days after the et£uinQj:L'S, exactly as you have found by observa- 
tion, and I regard this circumstance as very important evidence for 
my hypothesis, although you have shown that it could also he ac- 
eounted for by the fact, that all magnetic induction takes some time 
ere it attains its maximum. 

" If the sun's magnetic axis does not coincide with the axis of ro- 
tation, then I suppose we shall find, by more minute examination of 
the observations, that there exists also a small magnetic variation 
corresponding to the sun's geocentric rotation, or 27*68 days. 

** Tiiere seems also to be &trong reason to suppose that ilansteen's 
discovery ahout the annual periodic frequency of the aurora borealis; 
which has a marked maximum at the equinoxes^ and even a more 
marked maximum at the sobtices, is connected with the same 
cause." 
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LIIl. On the TVansmission of Heat in Meiak* 
By G. Wiedemann 

1. Coniueiihiliiy of Zinc, 

AN investigation undertaken by myself and Dr. Franz showed 
that the values of the relative conductibility of different 
metals for heat and electricity were very nearly equal f. 

With the same apparatus which served for the earlier experi- 
ments^ ] have recently undertaken a determinution of the con- 
ductibility of zinc fur heat. 

A zinc wire, 4*1) millinis. thick, was used ; its surface was very 
carefully polished, but not silvered. The wire was investigated 
in air* Its temj^ratures were taken at points, whick fol&wed 
eacb other at diBtanoes of 2 inches from the warmest part of 
the wire (the aero p<nnt) to the ooldeat, and in degrees of the 
galvanometer described in the above paper^ were as follows 



g. 


I. 


II. 


III. 


t. 




/. 




t. 




0 


205 




160-5 




129-5 




2 


115 5 


2-361 


90-5 


2355 


75 


2-319 


4 


6;7 


2-301 


515 


2-:^40 


44-25 


2-317 


6 


40-25 




30-5 


2-311 






8 


25 


1 


19 


2-290 






10 






13 










¥m 


i»8M 1 




9^ 




2418 



The numbers in the column w are the distances from the sero 
to the several points on the bar at whieh the temperatures were 

* From PoggendorflF's AuMoUn, vol. xcv. p. 337. 

t PoggendorfiTs ilnnalm, voLlxxxix. p. 497; aiMiPlul.Maff.vol.vii.p.d3» 

Pm. Mag, S. 4. Vol. 10. No. 68, Dee, 1855. 2 D 
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observed; under t are found the oorfeeponding deflections of 
the galvanometer when the thermo-electric element used in mear* 
soring the temperatures was applied tp those parts of the bar; 
under q the quotients are given which are obtained by dividing 
the t standing near the corresponding into the sum of the 
temperatures standing above and below it. 

If the highest temperature observed in each series be assumed 
equal to 100, the other temperatures will be as follows 





1. 


ri. 


IIT. 


Mmh* 


«. 




t. 


t. 




0 


100 


100 


100 


100 


9 


56-3 


567 


57-9 


57 


4 


330 


321 


34-2 


331 


6 


im 


\m 




20-0 


8 




. 11*8 




12-0 


10 




7-2 




72 



From the meaii value of the quotienta q=2'62l, the relative 
conductibility of the zinc bar may be estimated at 20*3, if the 
conductibility of an equally tliic k silver bar be placed at 100. If 
ihd (ieriections of the galvanometer given in the tirgt table be 
reduced to actual excess of temperature of the several points of 
the bar above the u3uri*ounding air^ the conductibility oS sine 
against that of silver at 100 wUl be--<- 

190. 

Becquerel found that the conductibility of zinc for electricity 
was 24 (silver =100). Zinc takt s, therefore, pretty much the 
sam(^ place in the list of metals^ whether considered as a con- 
ductor of heat or deotricity. 

• 2. Passage of Heat from mte mial to eiiatket. 

In considering the relative conductibilities of the different 
metals for heat, the question suggests itself, what takes place on 
the passage of heat from one metal to another. 

Besides the old experiments of Fourier*, made with the con- 
tact thermometer, from which^ however^ no certain eonckittons 
can be drawn, this question hi» been treated by M. Despretzf, 
and not long amce^ briefly, by M. Angstrom:]:. 

M. Desprets pressed together the sections of a copper and a 
tin bar^ and heated the free end of the copper bar. The tempe- 
ratures were observed by means of thennometers sunk in diffid- 
ent parts of the bars^ and from these Des^ts ealoulated the 
tamperatona at the ppint of contact, and found that the tempe- 
rature q{ the copper W th^ was 1^*47 G. higher than that of 

* Poegendorff's AimakHi toI. ziii. ^. 327. 

t Ina. vol. xlvi. p* 484. { Imd. vol. Imviii. p. 166. 
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the tin bar. If a piece of paper were intei-poscd between them^ 
the difference amounted to 5 *5 G« Hence Despretz concludes 
that heat Buffers a resistance in its passage from one metal to 
another. Besides the numbers here mentioned^ Despretz gives 
none by which the entire prooess of the experiment can be veafiiEed. 

Angstrdm has also instituted only isolated e][periments. He 
heated a bar composed of lead, copper and tin^ at the one or the 
other end, and observed the temperatures at different ^ces by 
means of thermometers sunk in the bar. Angstrom found that 
the ratio of the temperatitres of two parts of the bar, on opposite 
sides of a place of contact of two of its metallic components, was 
greater when the beat passed from the worse to the better con- 
ductor than in the reverse case. In any case this last method 
of experiment is far too complicated to allow any direct conclu- 
sions to be drawn as to the different facilities with which heat ^ 
passes in either the one or the other direction. The bars being 
comparatively short, and hence the temperatum observed at 
points equidistant from each other not forming a geometrical 
series, the mathematical consideration of the question is by no 
means simple. 

The experiments of Gore also give no certain results as to the 
passage of heat from one metal to another. 

The following expernuents are intended to settle the ])(nnt in 
question^ and to examine whether heat reaUy experiences any 
resistance in its passage. 

For this purpose tiie same apparatus was used which had been 
constructed for the determination of the relative conductibility 
of the metals for heat. Two metal bars, 5 miiiims. thick, whose 
condactibiUty liad been already determined, were cut in two, 
their sections accurately fitted upon each other, and carefully 
joined by means of an extremely thin layer of solder. The bars 
thus joined were placed in the apparatus and heated. The ex- 
periments were made lu air, and the temperatures read off by 
the application of a thermo-electric element at puiuts 2 inches 
asunder, commencing at the colder and proceeding to the warmer 
parts of the bar. In a second series of observations, the tempe- 
ratnzes were read off at pmnts midway between the points at 
first observed, so that at last the temperature of the oars was 
obtained from inch to inch. 

Of aumbm of experiments made in this manner I will select 
only a few. In the following Table, the numbers under x m 
the distences of the several points of the bars commencing at the 
place of junction ; those under t are the corresponding tempera- 
tures represented in degrees of the galvsnometer* The pointe of 
the warmer bar, mentioned first in the table> are marked vrith + , 
and those of the colder with 

2J)2 
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180*75 


155 


154*5 


140 






117 


1405 


140-75 


121 


138 


4-2 


108-5 


129*0 


131'5 


110-7 


102 


+1 
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118-2 


124-75 


97 


711 


A 
V 














52-76 


71-5 


78-25 


775 


39-5 


-2 


31-75 


52-5 


55-6 


670 


35-0 


-3 


lU-75 


376 


405 


59-5 


31 


-4 


1175 


27-5 


28-8 




97 


-5 


8-26 


20 


20 




83-8 


-e 




15 


151 






-7 




11-5 


1075 







At the place of junction a tlight displacement of the thermo- 
electric element (with the exception of the case of the two last 
bars) causes a considerable deflection in the galvanometer. 

In all cases the temperatures of the colder bars form almost a 
geometrical series^ and the bars can hence be eonsidered infi* 

nitely long. 

If heat jjiisse^ from one metallic rod into another equally thick 
but infiiiitcly luni:-, the two rods must show a change of tempe- 
rature at their junction if the heat experience a resistance in its 
passage*. 

If the temperature y, at the place of contact of the colder bar 
be calculated by multiplying the value under —1 with the mean 
ratio of the geometrical series whieh the temperatures of the 
colder bars form; if, further, this value be put equal 100, and 
the other temperatures of the bars calculated accordingly, we 
can, by an accurate delineation of the curve of heat corresponding 
to the warmer bar, fmd the value y of the temperature of the 
warmer bar at the place of contact. 

The mean of the present and otiicr series of experiments is 
found to be,— 

* Vide Poisson*s Th^orie mafh/mafique de la Chaleur. If y and 3/1 be 
the temperatures of the warmer and colder bars at tbeir place of contact^ 
and if r be a constant dependent upon the resistance to passage, and differ- 
ent for different metals, the qnantitf of heat, w, which passes in a unit of 
time through the point of contact is • 

r 

If the difference of temperature yi=0, the constant of the resistance 
of passi^ r nuiit also he equal to 0, for odierwise the quantity of heat 
passing uoough the point of contact woidd be VfssO, 
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Silver-Iron .... 100 111*5 

* 

Copper-German silver . 100 115 
Copper-Iron • . . . 100 107*5 
Copper-Copper • . . 100 100 
Brass-Silver .... 100 99 
According to this^ a difference of temperature and a resistance 
of passage are only observed when heat passes from a better to 
a worse conducting metal. No such difference was observed in 
the passage of heat from a worse to a better conductor^ nor in 
the passage through the place of contact of two metal rods of 
the same matei-ial. 

These contradictions suggested some deficiency in the method 
of observation. 

If the thermo-electric element be applied to equally warm 
points of heated bars of different conductibilities, the heat of 
the point touched communicates itself to the element. Without 
regarding the difference which results from the difference in the 
specific heats of both bars, more heat will pass to the part cooled 
by contact with the thermo-electric element in the case of the 
better than of the worse conducting bar. The first, therefore, 
will appear comparatively warmer. This error may cause the 
differences at the places of contact noted in the above Table, 
which are the more prominent the greater the difference between 
the conductibilities of the two metals. The warmer the place of 
junction is^, the more these differences are seen, on which account 
they scarcely appear in the passage of heat from a worse to a 
better conducting metal, where the latter ought, properly, to 
appear warmer than the former. 

?nii8 error can, however, exercise no disturbing iutiuciicc on 
the relative conductibilities of the bars themselves. For on the 
supposition that the conductibilities of the bars do not vary at 
different temperatures, the changes of temperature at the several 
points of the same bar^ caused by the application of the thermo- 
dectrie element, must be proportional to the temperatures 
themselves. 

Hence the relative proportion of the temperatures observed at 
difierent parts of the bar remains unchanged, and this is alone 
decisive in calculating the relative conductibilities. 

It was necessary, in obtaining reliable results as to the passage 
of heat, to make tne loss of hea€ of the bars on the application 
of the thermo-electric element as small as possible, ror this 
purpose the following arrangement of the experiments was made. 

Round bars of different metals, of 13*2 miUims. diameter ai^d 
157 millims. long^ were made, and accurately ground plane at 
one end. A bar of iron and a bar of copper of the same dia- 
meter, but 666 millims* iongi and a bar of insmuth equaUy thick 
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but 265 millims. long^ were ground plane at one end. These 
ban were tben placed in a wooden fnme with tbar polished ends 
free, &c.^ and the arrangement made, that to the plane end of 
each of the longer bars the plane end of <me of the shorter was 
firmly screwed. At a distance of 2 millims. from the place of 
contact, and thence at distances of 21*4 millims., holes of 
0*9 millim, wide and 8 millims. deep were bored. These holes 
were filled with oil. The end of each shorter bar was sur* 
rounded by a tin case, through which steam was passed for a 
long time. A screen protected the rest of the apparatus from 
the rays of heat. The whole apparatus was placed m a tin vessel 
anrrouiuled by water, so that the loss of heat during the experi* 
ment should be as uniform as possible. After the appanittts 
had been constantly heate d for two or three hours, and the heat 
in. the joined bars had become constant, the temperatures were 
determined by sinking the thermo-electric element in the holes. 
The thermo-electric dement was needle-formed, and consisted 
of two wires of iron and german silver, 0*3 millim. thick., placed 
together, bat only soldered just at the end where they dipped in 
the holes. At the other ends copper wires were soldered, 
which coimiuuiicated with the spirals of tlic galvanometer de- 
scribi cl in an earlier treatise*. The whole of the thermo- 
electric element, with the exception oi the points dipping iu the 
holes, was fastened in a glass tube with sealing-wax, which was 
cemented in a vessel of water in order to keep the posterior enda 
of the element at a constant temperature. 

The following are some of the results obtained with the appa- 
ratus. Under x the series of holes is given, l)eginning with that 
nearest the place of junction. The holes euiiespuiuling to the 
warmer bars, which are first in the list, are marked with +, 
and ilie colder with — . Under t stand the corresponding tem- 
peratmeb. Each series contains the mean of i>evertii successive 
observations. 
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+4 
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2687 
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252 


2747 
252-6 
2367 
8867 


246-5 
818 


255-5 

21,17 
iia4 

(MM 


1845 
155 5 
130 
107 


106-6 
161 
1336 
110 


193 
158 
132 
108 


185 

lu-a 

81-5 


-1 
-3 
«3 
-4 
-5 


236*0 

120 
587 
322 


212 

108 
57-5 
335 
21-8 


214-5 
178 

1495 

126 

106 


... 

221 
181-2 

153 
130 


102 5 
84-5 
72 
61 

51-2 


105 
86-8 

7;j-8 

63-5 
531 


1032 
85 

70-2 

59 


787 
747 

71 

67 5 



* PoggBBitoriPi AamtHm , vol. liim p* W. 
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If froia these numbers the temperatures y and of the bars 
dr p(»nta of oontaot be eakiuatedf we shall ^e^^ 



at 



Copper-Bismuth 
Zinc-Bismuth . 
Copper-Iron I. 
Copper-Iron II 
Tin- 1 run I. 
Tin-Iron 11. 
Iron-Iron . 
Iron-Copper 



252 
226 
217-7 
225-5 
105 
108 
105-5 
79-2 



252 
226 
217-5 
225 

104- 5 
lOM 

105- 1 
79-2 



y-yi. 
0 
0 

0-2 
0-5 
0-5 
0-9 
0-4 
0 



The difference of temperature of two bars in contact is hence 
very small. It is not greater in the case of two bars of different 
metals^ whether the heat pass from the better to the worse con- 
ductor or the reverse^ than in the case of two bars of the same 

metal. 

Hence a resistance to the passage of heat throiip:h the place 
of contact of two bars cannot be proved withm the limits of 
these observations*. 

If the two bars are not pcri't ctly m contact, a decrease of tem- 
perature at their ])lace ot contact is observed. The same happens 
when the bars are separated by a thin layer of some bad con* 
ductor. 

- Experiments made in this manner gave the foUomng series of 
observations : — 





I. 

Zinc- Iron not 
fitting well on 
«MD«l]icr. 

t. 


11. 

Iron-Coppfr not 
fitting well on 
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III. 

Copper- Iron 
ai^aratad by a 
tain sheet of 
paper. 


IV. 

Zinc-Bismuth 
separated by a 
tnin sheet of 
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174-5 


155-5 


262 
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+! 
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245 
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m-r 


97 


246 


230 


-fi 
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71-7 


2;{;> 


220 


-1 

-2 
*8 
-4 
-6 


120 

997 

87-7 

61 


65*5 
61 5 

58 
boi 


189*2 

1572 
1325 
lid 
96-2 


197 
100 
52 
29 
18 



* For an ftccitratc calculation of the relative conductibilities of different 
metals the numbers in question are not tittcd, since the quotient q of the 
sums of the temperatures of two points divided by the temperatiu'e of the 
middle point diffett too little from 2. Heaoe a sinill emv of obaervation 
cfaanget mateiisUy the eileiilited vasidt. 
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By caleiilatmg the temperatures y and y| of the warmer and 
colder hars oorfeaponding to the places of contact^ we have — 

Zinc-Iron (not well fitted on n ^ ^3 5 122-2 1 3 

each other) » • . . j 

Iron-Copper do. 081 66*1 2*3 

Copper-Iion(fleparatedhypaper) 238 5 102 5 46 

Zme-Bkmath do. 219 211 8 

These differences do not neceaaitate the existence of a resist- 
ance of passage. When the condnetibitity of the muted bars at 
their place of jonction ia lessened by imperfeet eontacti or by the 
insertion of a piece of paper, a considerable decrease of tempe- 
rature takes place at those pomts, by which a difference between 
the temperatures of the>two bars at the place of contact eonld be 
easily explained. 



LIV. On the Principle of horrhopic Axes in Statics. 
By W. J. Macquobn Rankxnb, C^., Sf 

THEOllEM. EvcTi/ equilibrated system of forces applied to 
a connected sysitm of jjoihis, capable of resolution into 
three rectangular independently equilibrated aydenis of paralld 
forces applied to the same points, 

DsMONaTRATidN. Assiime any aet of rectangular axes, to 
which reduce the forces and the positiona of their points of ap« 
plication ; and let X, Z be the components of the force applied 
to any point y, z). 
Let 

S.X^ssA; S.Ys^sB; S.Z^srsCj 

Conceive the surface of the second order whose equation is 

Adr'4-By^-|-C«^+2Ly2r+2Mjr«+2Nd;y= constant. 

Then if the forces and the positiona of their points of application 
be reduced anew to the principal axes of that surface, we shall 
have 

L=0, M»0, N«0; 

and consequently each of the three systems of component forces 
parallel to those three principal axes will be in equiiibrw, mde- 
pendcntly of the other two systems. Q. E. D. 
The above theorem, so far as 1 am aware, is new. 

Glasgow, Oct. 26, 1855. 

Communicated by the Author. 



Digitized by 



[ ^1 ] 



JjV. On the Composition and Phosphorescence of Plate-sulphate 
of Potash, By Dr. I^'rederick Penny, Professor of CJiemistry, 
Andcrsonian University^ Glasgow"^. 

THE subject of the present notice is a technical product from 
kelp. It is called ^'Plate-sulphate of Potash," and is so 
named from the circumstance of its being crystallized in thick 
plates or slabs, consisting of the ag^regrated kyers of successive 
crops of crystals. 

It may be regarded as one of the chemical products peculiar 
to Glasgow, being inanufaetured only atone or two other places, 
and even there to a limited extent . 

There are several points in the chemical history of this salt 
possessing a high degree of scientific interrst. The most im- 
portant arc, the peculiarity of the process by whieli it is obtained 
m thick slabs or plates, the brilliant phosphorescence of its cry- 
stals at the time of their formation, and its remarkable compo- 
sition. To these at least I shall limit my remarks in the present 
notice. 

I. Formatum of the Plate-tufyhate. 

In working kelp upon the large scale, several saline products 
are obtained, and among these there are two salts, containing 
sulphate of potash as the predominating ingredient. One is 
powdery or granular, and is distinguished as soft or gramtkied 
sulphate of potash, and the other is the /;/a/^-sulphate. 

Soft sulphate is obtained by simply evaporatmgor concentrating 
the kelp-leys, when it falls as a heavy granular precipitate. It is 
a very impure substance, being largely intermixed with sulphate 
of soda, oommon salt, carbonate of soda, sulpbocyanide of potas- 
sium, iodide of sodium, and with insoluble matter and water* 
The amount of sulphate of potash existing in soft sulphate is 
very variable. That from cut-weed kelp seldom contains more 
than 32 per cent. Good drift-weed kelp yields a sulphate not 
usually under 44 per cent., and oceasionaUy as high as 65 per 
cent. It is used in making plate-sulphate, and for agricultural 
manures, particularly when of low strength. 

Plate-sulphate is made in two ways : either from the impure 
soft sulphate, or directly from the liquors that result by steeping 
kelp in hot water. The process is called ''plating,^^ and the 
mode of working is peculiar. In the ordinary process of ciystal- 
lizing salts by solution in water, each crop of crystals, when fully 
formed, is removed from the crystallizing vat or vessel after the 
mother-liquor has been run off ; a second or third crop being 
obtained by evaporating the mother- liquor, or by dissolving in 

* Communicatsd by the Anlihor. 
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it, wlicu licatcd, a fui Lhcr quantity of the salt. In plating sul- 
phate of potash, a different mode of proceeding is adopted. The 
soft sulphate is dissolved either in weak ley from kelp, or in 
boiling water, until the liquor is about 44*^ of Twaddell. This is 
evaporated to 48° of 60% and ran into coolers to crystalliie. 
When tbe crystak hate folly formed and the mother-liqacw has 
completely cooled^ the latter is siphoned off^ and being saturated 
with soft sulphate as before, it is ag^ transferred to uie coolers, 
and a second crop of crystals deposited on the first. These ope<* 
rations are repeated several times, and in this way from four to 
she, or even seven, successive and cohering crops are obtained in 
the form of a hard thick cake. The number of crops deposited 
depends on the success of the process, the richness of the soft 
sulphate, and the thickness of cake required. 

In plating directly from kelp, the leys, or liquors obtained 
from steeping the kelp in water, are boiled down till the specific 
gravity of tli( liquor indicates that sulphate of potash is beginning 
to fall. The fires are then drawn, and after a brief reposure, to 
allow the floating impurities to subside, the liquor is run into 
the cooler and crystaliiaed. In a few days a crop of ])latc-sul- 
phate is found adhering to the sides. The mother-liquor is 
siphoned off, and a fresh quantity of concentrated kelp-Icy being 
run into the cooler, a second crop of crj'stals is deposited on the 
surface of the first. A succession of crop'^ is thus accumulated 
until tile plate or cake is considered of sulticient thicknes?;. 

I'rom this brief description of tlic process of plating, it is 
manifest that the salt, whether made from kelp-leys or soft sul- 
phate, must be more or less charged with impurities. The ap- 
pearance of the cakes, indeed, shows that it is far from being a 
• chemically pure substance ; and on examining it, the presence of 
minute quantities of carbonate of soda, common salt, and inso- 
luble matter, may I)c readily detected. The large and well- 
defined crystals studded over the surface of the cakes are, liow- 
ever, neany pure; and when carefully selected, contain very 
little foreign matter. 

XL lU PhiMphori9cenp€. 

The brilUaiit and spariviiiig light emitted from this salt at llic 
time of crystallizing has been frequently observed. It may be 
witnessed by simply looking into a vat of liquor in process, of 
cooling and crystallizing, and particularly when the temperat^ju-c 
of the liauor is about 100^ F. It is not a continuous luminosity 
or phospnoresoence of the crystalline mass, but an emission of 
▼ivid sparks or scintillations as the crystals separate firom the 
liquor, analogous to the phosphorescence of arsenious acid in the 
act of crystallizing from the hydmhlnne add. 
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The luminosity of ialts in the act of crystallizing, and espe- 
eially of snlphate of potash, both pure and mixed with varioiii 
salts of sodaf has been made the sub[eot of repeated eiperimental 
investigation by several chemists. The extended and mteresting 
researd^es by Rose* must be generally known* In Gmelin'a 
' Chemistry ' we have a condensed but &ithful account of the 
results observed by different experimenters. The subject is stall 
involved in considerable obscurity. ^ 

I regret that I am as yet unable to give a satisfactory expla* 
nation of the phaenomena in regard to the salt now under con- 
sideration, having reluctantly been obligedi by an enforced re- 
laxation from all such work, to discontinue for a time the expe- 
riments undertaken to elucidate the subject. I may mention, 
however, the principal phsenomena that have been observed in 
ihe trials already made. 

1st* The phosphorescence is not visible so long as the tempe- 
rature of the crystallizing liquor is much above 100° F. ; but as 
the temperature falls below this, the scintillations become vivid 
and frequent. 

2nd. When a rod of glass, of wood, or of metal, is drawn 
across the surface of the crystalline mass below the h'quor, a line 
of brilliant light is produced in tlie track of the rod. 

iird. On breaking the layer of crystals that frequently forms 
on the surface of the liquor, vivid sparks are emitted as the de- 
tached portions sink to tne bottom of the vessel. 

4th. On plunging a mass of the crystals into hot liquor and 
immediately withdra^vuig it, a few scintillations are visible; but 
if the crystals are kept in the hot liquor for a few minutes, and 
.then plunged into nearly cold liquor, the flashes are very bril- 
liant, and diffused over the entire sm-face of the mass. 

5th. The most beautiful effect, however, is produced when a 
quantity of moderately warm liquor is dashed upon a crop of 
crystals in a vat, from \\liicli the mother-liquor has some hours 
previously been drawn off. The crystals become instantaneously 
illuminated with myriads of beautiful and vivid coruscations. A 
second quantity of the same heated liquor thrown upon the mass 
gives a much kss brilliant effect^ and a third quantity scarcely 
any flashes. But if a bucket of p^ectly cold liquor Is dashed 
upon the crystals immediately after the hot liquor has ceased to 
give scintillations, the result is even mote splendid and. striking 
than in the last experiment. 

When the heated liquor is dashed upon Crystals of chloride of 
potassium^ or upon wood, or iron, or ice, no visible effect is pro- 
duced. 

6th. In recrystallizing the salt, no phosphorescence is visible. 

* Poggeadotf's JffiMlm,voLlii. 
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The results of these few experiments, ihuugh affording very little 
insight into the cause of the phenomena, phiinly indicate that the 
emission of light takes place within a limited range of tempera- 
ture, and tiiat aetoal contact of the crystals with the crystallizing 
liquor is essential. Agitation of the liquor with a rod produces 
no effect. 

III. Con^miHon* 

T have already stated that the compositi ni of this salt is 
remarkable. It has hitherto been viewed and described as a 
peeuliar form or variety of neuLial sulphate of potash, and as 
such it is regarded both by chemists and manufacturers. The 
results ot iny ;iii:tlyses do not confirm tliis view of its composition. 
They show unequivocally, that, instead of being a mere cry- 
stalline modification of the neutral sulphate, it is a tioutjlc salt, 
contiisting of sulphate of potash and sulphate of soda. I have 
analysed bold and well-defined crystals, carefully selected iVoiu 
numerous specimens obtained from different makers, and I find 
that they arc perfectly uniform in composition. I have also 
analysed crystals of the same salt, procured by recrystallizations 
of the commercial salt. « 

In these analyses it never gave more than 42*5 per cent, of 
potash; and parties acquainted with this article commercially, 
know that in the bulk it never contains more than from 75 to 
78 per cent, of sulphate of potash, — equal to about 41*5 per 
cent, of potash, whereas sulphate of potash contains 54 per cent. 

It is not, I conceive, dther desirable or necessary to give the 
details of the methods of analysis, or particulars of the several 
results. It will be sufficient to state, that the sulphuric acid 
was determined, as usual, in the state of sulphate of baryta, the 
potash by means of bichloride of platinum, and the soda indirectly 
by deduction. The only precaution requiring notice is, that the 
precipitated sulphate of baryta must be well washed after ignition, 
to remove the potash which is carried down with the first pre> 
cipitate. 

The mean of twelve analyses, the results of which accord very 
closely^ gave the following proportion of potash, sulphuric add 
and soda, in 100 parts 



Tbeoiy. 

Potash .... 42-22 42*47 
Sulphuric acid . . 48*24 48*19 
8odi 9-54 9*84 

100:00 100*00 
A csrefolly selected specimen gave 42*46 per cent, of potash. 
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These proportions correspond to the formnk 8K0 SO^^ NaO 
SO', as uiown in the tiurd oolumn of the above statement. 

The presence of soda in the salt was easily established by 
decomposing a known anaatitY with nitrate of baryta, and cry- 
stallizing the eolation filtered from the precipitate. Crystals of 
nitrate of soda mixed with those of nitre were abundantly depo« 
nted. In another experiment^ a known quantity of the salt dis* 
solved in water was decomposed by chloride of barium^ and the 
ablution, separated from the precipitate by filterings was evapo- 
rated to dryness ; and the mixed chlorides^ after treatment with 
bichloride of platinum, were tested with the delicate and beautiful 
process for the detection of soda proposed by Dr. Andrews at 
the Meeting of the British Association in Belnst*. 

It will be at once remarked, that the composition of this salt 
does not correspond to that of any other double salt of potash* 
l^e atomk profiortions of its ingredients are at variance with 
our ordinary notions of the constitution of these compounds. I 
hope, however, to be able to explain the anomaly by the exami- 
nation of other compounds of sulphate of potash, and of chro^ 
mate of potasli, which I have in process of preparation. 

In Gmt'liii's ' Chemistry t/ it is incidentally mentioncHl that 1 
part by weight of dry carbonate of sodn, nm\ 2 jjarts of bichro- 
mate of potash, give ci'ystals having the same form as sulphate 
of potash, and containing 3K0 Cr(F, NaO CrO^, which cor- 
responds exactly with plate-suiphate of potash. It is also stated 
that crystals containing about 2K0 SO^, NaO SO^, may be 
prepared by fusing equal atomic proportions of the two sul- 
phates, and crystallizing the mixture from water. Rose made 
several analyses of the salt, obtained by crystallizing together 
the sulphates of potash and soda ; but the discrepancies in the 
results led him to doubt the di fiiiite composition of the crystals. 

Dr. Gladstone J has made a scries of expeniiicnts with a view 
to produce a (itdiiiitc doublt; sulphate of potash aud soda,. He 
crystallized vanous uiLxtiucs of the two sulphates, aud obtained 
a salt to which he ascribed the formula 5K0 SO^, NaO SO^. 
Such a compound would contain 46*44 per cent, of potash, and 
47*43 of sulphuric acid. 

In several of its physical characters^ the plate-salt difiers essen« 
tsaDy from neutral sulphate of potash. It is, for eiample, more 
readily fusible, aud it may be melted without much difficulty in 
a platina crucible with the ordinary gas-blowpipe; whereas sul« 
phate of potash is only slightly sonened at the edges, even when 
the blast from the bellows is urged to the fullest esctent; it 
requires the full bright red heat of a furnace for perfect fusion. 

• Chemical Gazette, vol. x. f Vol. i. p. 108, 

} QmtoAy Journal, vol. vi. 
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The density of the double tnliihate it iko greater tbtn that of 
* sulpluite of potaili. The ipeoifie giavity of its erysta^ finely 
poiveriMd, taken in oil of turpentine at 69^ F., waa found to bie 
2*6689. After being fused, its apeeiic gravity waa 2*6708. 
The apeeifle gravity of aulphate of potash, taken in the same 
way and at the same time, waa in the ciyatallised state 2*6488; 
and in the vitreous or fused stat^ 2*6567. Dr. Lyon Playftir 
gives 2*644 aa the speeifie ^vity of sulphate of potash. 

There is also a marked difference in the solubUity of this salt 
in eold and boiling water, as eompared with that of sulphate of 
potash. 100 parts of a saturated solution of KG 80^ at 217^ 
contain 22'5 parts of salt, or 100 parts of water at thai tempera- 
tuvc dissolve 29 parts; 100 parts of the solution of plate-salt at 
UT"'^ eontain 28*9 parts, or 100 water wiU diasolve nearly 40-8 
parts. 

It i%, I thinkj more than probable that certain specimens 

which have been figured as sulphate of potash, were crystals of 
this double salt. I have crystallised sulphate of potash under 
various circumstances, but have never obtained crystals in the 

forms figured by Phillips*, Brooke f, and others, unless a salt of 
•oda has been present in the solution, causing, as 1 believe, the 
formation of the double salt. Both upon the large and small 
SCale^ sulphate of potash was deposited cither ui rhoinboidal 
risms or in hcxahcdral prisms, with bipyramidal summits, or in 
ipyramidal dodecahedrons. 
In conclusion, I may mention that I have exaiumed the suc- 
cessive crops of crystals obtained by reerj'stallizing the plate-sul- 
phate. Several pounds of the salt wt re dissolved in water, and 
treated as usual, the crystallizing operations being ccmtinued to 
the 11th crop. The results were as follows: — 

1^/ Crap. Sulphate of potash with a little plate-salt. 
l-lnd Crop. Plate-salt^ with short prisms of sulphate of soda. 
3r(l Crap, Chiefly sulphate of soda ; crystals large and bold. 
4M Crop, Layer of plate-salt wilL bulphate of soda above. 
6M, 6th and 7th Crops, Sulphate of soda. 
StU, 9ih apd lOth Crops, Almost wholly plate-salt. 
IIM Crop, Sulphate of soda. 

It is therefore quite manifest, that, with care, this salt can be 
prodaoed at pleasure by reerystaUiaation fiom the eooimefoial 
salt, or by crystallising a mixture of sulphate of potaah and snip 
pbate of soda in equal atomic proportions. 

* Ami. PhU. 1822. f Ibid. 1824. 
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LVI. On the Theory of Diamagnetism. Letter from Professor 

Weber to Prof. Tyndall. 

My dear Sir, Gottingcn, Sept. 25, 1855, 

ACCEPT my best thanks for your kind communication of the 
3rd of September ; I am gratified to learn that the apparatus 
executed by M. Leyser in Leipzig for the demonstratipB of dii^ 
magnetic polarity has so completely fultilied yomr expectations. 
This intelligence is all the more 9greeable to me« inasmuch as 
before the apparatus was sent away, it was not in my pow^r to 
go to Leipzig and test the instrument myself. 

It gave me great pleasure to learn that Mr. Faraday and M, 
De la llivc have had an opportunity of witnessing the experi.* 
meuts, and of convinciiij^ themselves as to the facts of the ease. 

It was also of peculiar interest to me to learn that you had 
j^acct odcd in csuiblishing the polarity of the self-same heavy glass 
with which i araday first discovered diamao^netism. This is the 
best proof that these experiments do not depend upQU the con- 
ductive power ui hiisuiulh for electricity. 

I have read with great interest your memoir ''On the Dia-^ 
magnetic Force/' &c. contained in the Philosophical Transac- 
tions, vol. cxlv. It has been your care to separate the fact of 
diuinagnetic pukrily from the iheory, and to place the former 
beyond the region of doubt. Allow me, with reference to this 
subject, to dircci your attention to a passage ut jKige 39 of your 
memoir, which you adduce as a coutlubion from my theory ; th§ 
passage runs as follows 

" The magnetism of two iron particles in the line of magnet* 
isation is increased by their reciprocal action } but, on the con- 
trary, the diama^etism of two bismuth particles lying in thi^ 
direction is diininiahed by their redprocal action/' 

This proposition is by no means a necessary aasumptinn of 
my theory, but is rather a direct consequence of diamw^etie 
polar^> if the iacts be such as both you and I affinn them to 
be. What^ therefore, you have adduced against the above pcm.- 
clusion must be regarded as an argument againBt diamagnelie 
polarity itself. The dianuufmtfc reciprocal actum of the bilwath 
particles in the line of msgnetisation is necessarily opposed to 
the action of tkc exalting magnetic force. The latter must b^ 
enfeebledj because the diamagnetic is opposed to the maffn^Hc 
reciprocal actum of iron particles which lie in the line pf mag. 
netisation, throqgh which latter it is known the action of the 
mating magnetic force is increased* Hence also the modifca^ 
Hon produced in bismuth by magnetic excitement^ whatever it 
may be, must be weakened^ because the foroe of excitation is 
diminished. 
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(1 believe, however, that this argument against diamagnetic 
pouirity may also be surmounted. The phsenomenon which 
you have observed must be referred to other eircumstaneeflj also 
connected with the eompresaioii of the bismnifa. For the dia^ 
magnetic reciprocal action is, as I have shown, much too weak ' 
to prodnee an effect which eould be compared in point of mag* • 
nitude with the reciprocal action produced in the case of iron.) 

I take this opportunity of adding a few remarks for the pur-> 
pose of setting my theory of diamagnetic polarity in a more 
correct light. 

My theory assumes : — 1> that the fact of diamagnetic polarity 
is granted; that in regard to magnetic phtDuomena, Foisson's 
theory of two magnetic fluids, and Ampere's theory of molecular 
currents, are equally admissible. Whoever denies the first fact, 
or rejects the theory of Ampere, cannot, I am ready to oonfess, 
accept my theory. 

But supposing that you do not reject Ampere's theory of per« 
manent molecufiur currents, but are disposed to enter upon the 
inner connexion and true significance of the theory, you will 
easily recognize that it is by no means an arbitrmy ammiption 
of mine, thai in bismuth molecular currents are excited, when 
the exciting magnetic force is augmented or diminished ; but 
that the excitation of such molecular currents is a necessary con- 
elusion from the theory of Ampere^ which conclusion Ampere 
himself could not make, because the laws of voltaic induction, 
discovered by Faraday, were unknown to him. In all cases 
where molecular ciu'rents ejcisf, by inrrcn'?c or dmnnutioii of the 
magnetic exciting force molecular currents must he excited, \\ hich 
either add their action to, or subtract it from, the action ot those 
already present. 

Finally, permit me to make a few remarks on the foUowmg 
words of your memoir : — 

"To carry out the assumption here made, ^I. AVeber is obliged 
to suppose that the molecules of diamagnetic bodies are sur- 
rounded by channels, in which the induced cun'ents, once excited, 
continue to flow without resistance." 

The assumption of chaimels which surround the molecules, 
and in which the electric fluids luuvc without resistance, is au 
assumption contained in the thcoiy of Anlpere, and is by no 
means added by me for the purpose of explaining diamagnetic 
yolarity. A permanent molecular current without such a channel 
mvolves a manifest contradiction, according to the law of Ohm* 

I may further observe, that I do not wond^ that you regard 
a theory which is built upon the assumption of such channels, as 
"so extremely ard&dal that you imagine the general couTiction 
of its truth cannot be very strong/' In a certain aenae 1 quite 
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•grot witk ybUj but I only with to tonvinoe you that thii objeo 
tm ipplifeB veiklly to the theory of Ampeie, and only applies to. 
mine in so &r as it is built upon the former* (Yon may pci^ 
haps find less ground for objoctiug to the speciality <^ such an 
assumption! if you separate the simple fundamental conceptiooi 
which recommends itself particularly by a certain analogy of tbe 
molecules to the heavenly bodies in space, from those additions 
which Ampere was forced to malce, in order to apply the mathe- 
matical methods at his command, and to make the subject one 
of strict calculLitiuii. He was necessitated to reduce the case to 
that of linear currents, which necessarily demand cliannel-shaped 
bounds, if every possibility of a lateral outspreadmg is to be 
avoided.) 

To place my theory of diamagnetic polarity in a truer light, I 
am anxious also to convince you that this theory is by no means 
based upon new assumptions (hypotheses) ; but that it only rests 
upon such conclusions as may be drawn from the theory of 
Anipere, when the laws of voltaic uiducLiou discovered by Faraday, 
and iLe hiws of electric currents by Ohm, are suitably connected 
with it. I affirm, that, even if Faraday had not discovered dia- 
magnetismi by the combination of Ampere's theory with Fara* 
day's laws of voltaic induction^ and Ohm's laws of the electric 
. eumnt, as ihown in my memoir^ the said discovery might 
possibly have been made* 

In respect, however, to the artificiality of the theory of Ampk^ 
I hope that mathematical methods may he foond whereby the 
limitation before mentioned to the case of linear cuirentsmay bc 
set aside, and with it the objection against dianneUlbrm beds* 
AU oar molecnlar theories are still very artificiaL I for my 
part find less to object to in this respect in the theory of Ampere ' 
than in other artinciaUties of onr molecular theories } and for 
this reason, that in Ampere's case the nature of the artificiah^ 
is phused ckarly in view, and hence also a way opened towariu 
its removal. 

To Mr. Faraday I beg of you to ]>re8ent my sihceiest respect 
Adieve m^ dear Sir, 

Most sincerely yours, 

WUiHSLM WsBIB. 

Profiuor TffndaU. 



The foregoing letter possesses more than a private interest, 
and I have therefore laid it before the readers of the Philo- 
soplncal Magazine. On one point in it only would I ask per- 
mission to make a remark, and that is the proposition, that 
the diminution of the excitement of a row of bismuth j)ai ticle8 

Pm. Mag, b. 4. Vol. 10. No, 68. Dec. 1855. 2 £ 
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in tbe line of magnetiiation by their reciproeal action is "a direct 
consequence of diamagneHc pokarUy/* M. Weber (I believe) 
IbnnoB this proposition on the following considerations Let a 
series of bismuth particles lie in the axial line between the mag- 
netic poles N and S : the 'polarity excited in these particles by 
the direct action of the poles will be that shown in the figure, 

being the reverse of that of 

iron particles under the same 
circumstances. But as the end ^ 
n of the right-hand particle 
tends to excite a magnetism 
like its own in the end «' of the left-hand particle, and rice versd, 
this action is opposed to that of the magnet, and hence the mag- 
netism of such a row of particles is enfeebled by their reciprom 
action. 

Now it appears to me that there is more assumed in this in- 

fenious argument th^n oxperiment at ])rLseiit can hear out. 
'here are no expcrmicutai grounds for the assumption, that what 
we call the north pole of a bismuth particle exerts upon a second 
bismuth particle precisely the same action that the north pole of 
an iron particle would exert. Magnetized iron repels bismuth; 
but whatever the fad may be, the conclusion is scarcely warranted, 
that therefore magnetized bismuth will repel bismuth. Supposing 
it were asserted that magnetized iron attracts iron and repels 
bismuth, wlnlc magnetized bismuth attracts bismuth and repels 
iron, would there be anything essentially impossible, self-contra- 
dictory, or absurd involved in the assertion ? I think not. And 
yetif even the possible correctness of sucli uu assertion be granted, 
the proposition above referred to becomes untenable. It will 
be observed that it is against a conclusion rather than a fact that 
I cont^d. With regard to the fact, I should be sorry to express 
a positive opinion ; for this is a subject on which I am at present 
seeking inatraction, which may lead me either to M. Weber's 
view or the opposite, fie that as it may^ the result cannot ma- 
terially affect the respect I entertain for every opinion emana- 
ting from my distinguished correspondent on this and all other 
scientific subjects. . 

J. T. 
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LVII. On the Hypothesis of Molecular Vortices, or Centru 
fugal Theory of Elasticity, and its Conneaeian with the Theory 
of Heat, By William John Macquobn BankinBi C»E», 
FJi.SS.L. i FJi.S^,A. ^c. 

[Concluded from p. 363.] 

SECTION ^&conD,^Reiations between Heat and Esxpansive 

Power, 

(9.) TTARIATIONS ofSentihle and Latent Heat: Fkiodamentai 
Equatum o/tAe Theory, the forinsj positions, and 
magnitudes of the pfU;hs described by the revolving partides of the 
atomic atmospheres be changed, whether by a variation of mean 
density, or by a variation of temperature, an increase or diminU'* 
tiou of the vis viva of their motion, that is to say, of the heat of 
the body, will take place in virtue of that change of the paths of 
motion ; an increase when they are contracted, and a diminution 
when they are dilated. 

Let S . Q represent, when positive, the indefinitely small quan- 
tity of heat which must be communicated to unity of weight of 
a substance, and when negative, that which must be abstracted 
from it, in order to produce the indefinitely small variation of 
temperature Bt simultaneously with the indefinitely small varia* 
tion of volume ^V. Let 6 . Q be div ided into two parts, 

of which being directly eaiployed in varying the velocity of 
the particles, is the variation of the actual or sensible heat pos- 
sessed by the body j while SQ', being employed in varying their 
whits, represents the amount of the mututJ transformation of 
heat with expansive power and molecular action, or the variation 
of what is called the latent heat; that is to -aav, of a mc^ecular 
condition constituting a source of power, out of which heat may 
be developed. 

Hie variation of sensible heat has evidently this value, 

«Q=h^T (22) 

Let hx, By, Bz be the displacements of the orbit of the par- 
ticles of atomic atmosphere at the point [x, y, z)^ A molecule 
^dydz ia acted upon by the accderative forces (see equation SA), 

parallel to the three axes respectively. 

The sum of the actions of those forces on the molecule pdss dy dg 
during the change of temperature and volume, is 

2£2 
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The turn of iueh actions upon all the partielea m tmity of 
weight ia equal in amoimt, ana opposite in sign^ to the variatum 
of latent heat ; that is to say. 

To determine the value oi the variation hip, let it be divided 
into two parts^ thus : — 

where ^(f>~(f) — (l>^. 

First. With respect to ^^j, it is obvious, that becauae, accord- 
iug to et^uations {h, 7), 



MV«*MV /"^ 4L rfA 



we muat have 

«V»ibyt0, and 

Henee the first part of the integral (28) ia 

To determine the second part of the integral, we have the 
condition, that the quantity of atomic atmosphere enclosed 
within enrli surface at whicn has some given value is inva* 
liable ; that is to say. 

Hence 

The value of the aeoond part of the integral (28) ia now found 
to be 
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In the double inte^al^ let Xss log^V be pat for G for 
and H for tbe mgle integml^ u in equitiou (9), Tben tbe 
double integral becomes 

Also because />|M V = bjr equatiou (9), w^l ^ « 
tbe Becond part of tbe integral (23) is found to bo 

Hence^ adding together (23 A) &ud (23 B); we And for tbe 
total variAtion of latent beat, 

aQ'=|(r-.){a,.^+«v.(,4+«)}. ^) 

To express this in tenjis of quantities which may be known 
directly by experiment, we bave by equations (10) and (9)^ 

tbat is to say, 

und tberefofe 

M /* T 

log,Hi"p^yi?rfV-^^Jog,V+/(T)+ oonstAnt. 

y][T) is easily found to be logj t for a perfect gas, and being 
independent of the density, is the same for all substances in all 
jponditions ; Lcucu vyc iiaJ \ intqgml» b§iiig fiiu titkcn that for 
a perfect gas they shall =0), 

* £^iog,H, _ /yM^_ j_\ 1 

* Thii ooefllneiit oonrespofidg to — in tbe notation of my preriovs 
pap« on Urn M<whsniDal Actum of He«U 
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and theiefoie 

£Q'=(r-«){8r.(^4-/0.v)+6V.|} . (25) 

is the variatiou of latent heat, expressed in terms ot tlie pressure, 
voluiiie, and temperatin c ; to whicli, if the variation of sensible 
heat, ^Q=k6T, be added, the complete vai'iation of heat, + 
8Q'=8 . in unity of weight of the substance, corresponding 
to the variations BV and St of volume and temperature^ will be 
ascertained. 

The only specifie ooeflieieiit in the above foimnk has the foU 
lowing value : — 

^=Nik« (25 A) 

It is obvious that equation (25), with its consequences, is 
applicable to any mixture of atoms of different substances m 



equilibrio of pressure and temperature; for in that ease ^ 

and ^ are the same for each substance. We have only to sub- 



stitute for the following expreasion,— 

».^+",^ + &c=«.S(«Nk), . . (MB) 

where n^, &c. are the proportions of the different ingredients 
in unity of weight of the mixture, so that »| + + &c. = 1. 

Equation (25) agrees exactly with equation (6) in the first 
section of my original paper on the Theory of the Mechanical 
Action of Heat. It is the fundamental equation of that theory, 
and I shall now proceed to deduce the more important eonse* 
quencGs from it. 

(10.) Equivalence of Heat and EaBpamwe Power, Joule's 
Lam;. — From the variation of the heat communicated to the body, 
let us subtract the variation of the expansive power given out by 
ity or 

pav={/,+/(V)}«v, 

The result is the variation of the total power exercised upon, or 
communicated to, unity of weight of the substance, supposing 
that there is no chemical, electrical, magnetic, or other action 
except heat and pressure; and its value is 

+«V.{(T-*)^-j.-/(V)} (26) 

This eaqpression is obviously on esutU d^ffareiUiai, and its in* 
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tcgral is the following fimction of the volume and temperatue 

-Jk^)dy. . / ^ (27) 

Aceordinglyv the total amount of power which must be ex- 
erdsed upon unity of weight of a substance, to make it pass 
from the absolute temperature tq and volume to the absolute 
temperature T| and vcuiune Y,t is 

This quantity consists partly of expansive or compressive 
power, and partly of heat, in proportions depending on the mode 
in which the intermediate changes of temperature and volume 
take place ; but the total amount is independent of these changes. 

Hence, if a bodij be made to pass through a variety of changes 
of temperature and volume, and at length he brought back to its 
primitive volume and temperature, the algebraical sum of the por- 
tiojis of potrer applied to and evolved from the body, whether in the 
form of eji;pansion and compreaawn, or in that of lieat, is equal to 
zero^ 

This is one form of the law proved experimentally by Mr. 
Joule, of the equivalence of heat and mechanical power. In my 
original paper on the Mechanical Action of Heat, I used this 
law as an axiom, to assist in the investigation of the Equation of 
Latent Heat. I have now deduced it from the hypothesis on 
which my researches are based; not in order to prove the law, 
but to verify the correctness of the mode of investigation which 
I have followed. 

Equations (26) and (27), like equation (23), are made appli- 
cable to unity of weight of a mixture, by puttmg Sidt for % and 

The train of reasoning in this article is the converse of that 
followed by Professor William Thomson of Ghisgow, in article 20 
of his paper on the Dynamical Theory of Heat, where he proves 
firom Joule's law, that the quantity corresponding to £^ is an 

exact differential. 

(11.) Mutual Conversion of Heat and Expansive Power. Car« 
not's Law of the Actio n of Expansive Machines, — If a body be 
inade to pass from the volume and absolute temperature Tq 
to the volume V, and absolute temperature Ti, and be then 
brought back to the original volume and temperature, the total 
power exerted C^) will have, in those two operations, equal arith- 
metical values, of opposite signs* Each of the quantities 
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maliti partly of keai and partly of eipiBaife poipw, tho ffo* 
pturtbii aqnading on the mode of intennodiate variation of the 
volume and temperatorai which it arbitrary. If the mode of 
variatbn be dimrent in the two openilionsj the eflect of the 
donble operation will be to transform a portjon of heat into ex- 
pansive power, or vice vend. 

Lit (•) dBQQlathefiMopeiitiDn,(i6)thfir0Mrf0of thaieecmd. 
Thon 

The terms of ^ which involve fanetions of r only, er of V 
only, are not affected by the mode of intermediate variation of 
tboee quantities.^ The term on which the mtiudi oonycrijoii of 
heat and eqNmsive power depends is therefove 

f{(r-.)i -;.}iV(*)=/{(.-«)f^-;,}<»V(.). 



Hence 

which last quantity is the ainount of the; heat transformed intQ 
expansive power ^ ojr the total lftte4t heat of expansion i|) tto 
double operation* 
Let 

Then, because 
we have 

Vii Tt R ^ 

in which t« and are the pair of absolute temperatures, in the 
two operations respectively, correspondinj^ to emal vahiee off*. 
This equation gives a relation between the neat tnmsfbnned 
into expansive power by a ^iven pair <MP operations on a bodV| 
the latent heat of expansion in the first operation, and the moao 

♦ F is what has siuce been called a '* Ileat-potential," mi\ ^vitli the a4"» 
(1866.) . 
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of yanation of teniperatiiTe in the two operatioiiSr ItihowB thai 
the proportion of the original latent heat of expansion finally 
transformed into expansive powar^ is a function of the tempera- 
tures alonC; and is therefore independent of the nature of tiie 
bodjr employed. 

Equation (28) includes Gamot's law as a particular easQ. Let 
the limits of variation of temperatare and volume be. made Inde- 
finitely small. Then 

and dividing by drdV, 

dp 1 

This differential equation is also tn immediate oomequenoe of 
equation (25). 

If y be put for ^d JM for it becomes identical 

with the equation by whiqh Professor William Thomson expresses 
CSarnofs mw^ aa deduced by him and by M. Glausius from the 
principle^ that U impaemk to transfer heat from a colder to a 
hotter body, without egmendtture of mechaniieal powei^. 

The investigation which I have now given is identical in prin- 
oipk with that in the fifth section of vy ppper on the Meehanieal 
Action of Heat, but l^e result is expressed in a more compre* 
hinaive fonn* 

Dquatum (2a), like (96), (26) and (27), is applicable to a 
mixture composed of any number of difoent subitimeeSi in any 
proportions, provided tne temperature, the pressure, and the 

coefficients are the iwe throughout the ipass. 

(12.) Apparent Specific Heat.^TLhjd general value of apparent 
l^pecific heat ^ unity of weight is 

agreeing with equation (13) of my previous paper. 

The value in each particular case depenrls on the mode of 
variation of volume with temperature. Specitic heat at constant 
volume is 

K»-ik+(T-«)(^+/grfv). . . (80) 
, "When the pressure is constant, wc must have 
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n>BA, ooiueqiientlyi 

dV S 

dV 

therefore Bpeeific heat at comtaiit preaeiire is 

(*y 

Kp=:Kv+(T-ir)ii^. .... (81) 

This agrees with equation (16) of Frofessor Thomsoii's paper, 

if - in his notation =:t— 

If the body be a perfect gas, then 

''■=>'"^^('-;)-^"(™+'-S)-»{'^''('-?)}. 

The fact that the specific heats of all nearly perfect gases fof 
unity of weight are inversely proportional to their speofic gra- 

vities, shows that ^— is the same for each of them*. 

(13.) Velocity of Sound in Fluids.^JAt a denote the velocity 
of Bound in a fluid, and d.Vike total differential of the pressure. 
Then 

.=y(,.f^)=4»K-^-?-3v)}- • 

If it were possible to maintain the temperatuie of each ])article 
of the fluid invariable during the passage of sound, this velocity 
would be simply ./ dV \ 

V 

* The fact, recently ascertauied by H. Begnmtt, that the specific heat 
of atmoapheiie air at constant pressure is sensiUy constant throughout a 

great range of tcmpetatore, proves that at ordinsiy tenperstuics ^ isan 

inappreciahly small fraction. (December 1853.) The specific heat of atmo- 
qiherie air was accurately predicted by means of these equatiODS^ three 
yesis hefbre M. RsgDaalt asesstaiued it eipeiinwataUy. 
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Bat we have reason to believe that there is not ttme^ during 
the passage of sounds for an appreciable transfer of heat from 
atom to atom ; so that for each particle 

dQ,^dQ!=0} or, KsO in equation (39). 
To fulfil this condition, we must have 

dr T—K 
57" Kyi dr 

Consequently, 

or by equation (31), 

y/ dV Kp\ 

V 

That is to say, the action of heat increases ihevelociiy of sound 
in a fluid, beyond what it would be if heat did not act, in the ratio 
of the square root of the specific heat at constant pressure to the 
square root of the spccijlc heat at constant volume. 

This is Laplace's law of the propagation of sound; which is 
here shown to be applicable, not only to perfect gases, but to all 
fluids whatsoever*. 

General Note, September 1855. 

All that is said in articles (9.) and (10.) of mixtures of atoms 
of different substances in equiUbrio of pressure and temperature, 
is applicable also to mixtures of portions of the same substance 
in two different conditions, e. g. the liquid and the vapourous; 
and thus from equation (25) it is found, that the latent heat of 
evaporation of unity of weight of a given fluid is represented by 

8Qf={T-ir).j8V, 

where p is the pressure of the vapour in contact with its liquid 
at the absolute temperature r, and 5"V is the increase of volume 
tmdergone by unity of weight of the fluid in the act of evapora- 
ting. If for T— « be put ^, as before, this equation is trans- 

formed into that deduced by Messrs. Clausius and Thomson 
from Camot's principle. 

The recent experiments of Mr. Joule and Professor William 



ir experimental verifications of this law, tee the Philosophical Ma- 
gazine for June 1853, and the Transactioni of the Royal Society of Edin- 



• For 

izine fo 

Euigh,vol. XX, pp. 688, 589. (1863.) 
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Thomson (Phil. Trans. 1854)^ have shown that the quantity de- 
noted by K is practically inappreciable ; so that both this quan- 
tity^ and the terms containing A as a ftctor^ may be neglected 
in equation (25) and those whieh foUow it, until thero is experi- 
mental evidence of their having sensible values. 

In the preceding paper^ the laws of the expansive action of 
beat are deduced from a mechanicid hypothesis, called that of 
Molecular Vortices* Those laws are capable of being expressed 
and proved independently of any hypothesis (see Phil. Trana. 
1854, parti, and a paper ^'On the Science of Energetics/' Edinb. 
Phil. Journ. July 1855) ; but it is nevertluless consideredi that 
a molecular hypothesis which has already led to the anticipation 
of some laws subsequently confirmed by experiment^ may possibly 
lead hereafter to the anticipation of more such laws, and may at 
all events be regarded as interesting in a mathematical point of 
view ; although its objective reality^ like that of other molecular . 
bypQtheaeSi be incapi^ble of absolute proof. 



LVIII. On the Felspars occurring in ilie Granites of the Dublin 
end Wickloiv ^fountains. By the Rev. Joseph A. G albraith, 
Erasmus Smith's^ Professor of Natural and Experimental Phi" 
Umphy in the University of Dublin, 

7b the BMim of the PhthiopMcal Magazm$ and Jomud, 

Gentlemen, 

IN the last Number of your Journal, Mr. Jennings observes 
that I am incorrect in stating that it is neeessary to deter- 
mine the quantities of silex, alumina, &c. in a rock or mineral 
in order to obtain the alkalies which it contains. I beg leave to 
say that I never made such a statement ; I certainly did observe, 
in reference to a single and incomplete analysis which he fur- 
nished in order to settle an important question, that where accu- 
racy was an object, it was most desirable to have a complete 
analysis, in which each constituent was weighed, and this for the 
pbyious reason, ihaL if all the parts, reduced to pcr-eciitages, 
on being added together yielded one hundred, the utmost confi- 
dence might be placed in a result which thus checked itself: in 
the justice of thia statement 1 am sure that every ebemist who 
reads your Journal wiU acquiesce. 

Wiui regard to the mineral constitution of the granite rocks 
of tb(i Dublin qnd WicUow chain^ the question at issue is that 
which was raised about three years ago by Sir Robert Kane, 
whci) stftted tp the Royal Irish Academy that the |oda in 
these gfinites wim so preponderant over the potaabf as to lead 
to the conclusion that the potash should be refemd to ike wm 
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which the granite ( ontained, and that the felspar was an albitic 
or soda felspar. Considerable doubts having been expressed aa 
to the accuracy of this statenKiit, I undertook to Bearch this 
mountain chain for felspar crystals, and having selected seven 
specimens from widely distant localities, I submitted them to 
analysis, and scut the results to your Journal^ in the Jauuaiy 
Number of which for the present year they were published ; the 
average ratio of the potash to the soda in these felspars was 4*5 :1, 
a result which differed so widely from Sir Kohert Kane's state- 
ment, that I expressed uiy irialjiliiy to cuuucive how the felspar 
which entered into the consutution of the rock could be desti- 
tute ui potash. 1 have preserved the specimens, and sliall have 
great pleasure in allowing Mr. Jennings to examine them at any 
time he choom. 

With a view to the direct determination of this question^ 
Frofesior Haaghton undertook the anal^ii of a aenea otroek 
'tpecimtm selected from different localities in the range^ and 
arrived at a result totally at variance with Sir Robert Kane^s 
assertion; the average result of his analyses^ as published in tiie 
July Number of your Journal^ gives for the ratio of the potash 
to the soda in the rock specimens taken from die main chain, 
4*822 : 2*967, or in round numbers 5 s 8. Professor Haughton's 
analyses prove that the felspar, as found in large crystalsi dif- 
fers from that which enters into the constitution of the rock in 
this respect, namely, that while potash predominates in both cases 
over the soda, the ratio in the latter case is less than in the 
former* 

The single analysis furnished by Mr. Jennings, although it 
does not fell in perfectly with Professor Haughton's results, 
must be pronounced to be equally inconsistent with Sir Robert 
Kane^s statement, which requires us to believe that the felspar 
of the rock is destitute of potash. This is a complete statement 
of the question so far as facts have come to light; and I am in- 
clined to think that if Sir Robert Kane still remains silent^ the 
scientitic public, unable any longer to withhold their judgement, 
will pronounce this question to be settled against him. Why he 
should maintain this reserve on a purely scientific question i am 
at a loss to understaud, aa he ims had ample time to make good 
the piouiise which be volunteered to the Royal Irish Academy 
in February 1853. I find, moreover, on referring to public 
documents, liiat be has made considerable progress in this in- 
vestigation. In the Report of the Museum of Irish Industry, 
made 2Gih January, 1854, he says, "The chemical officers of the 
Museum have been occupied vviiii a \cvy extensive series of ana- 
lyses (still in progress) of the felspatinc (nid uiher alkaliferous 
rocks of the mountain ranges south oi Dublin j oi this investi- 
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gation, twenty-four detailed rock aual} ^ea have been already 
compli'tpd." In a return to an order ot the House of Commons 
on a riuition made by Mr. George Alexander Hamilton, bearing 
date 3rd May, 1854-, I tind the following statement : — Con- 
siderable progress has been made with a very extended investi- 
gation into the com])osition of the felspathic and hornbiendic 
rocks of the county Wicklow; the analytical portions of this 
work, pcrliaps the most laborious and extensive of its kind ever 
undertakeu, will include between 400 and 500 <|iLaiititative ana- 
lyses of rock specimens.*' In the Rcporl to the iioaid of Trade, 
16th January of the present year, it is again represented that 

in the chemical department of the museum the examination of 
the felspathic rocks, &c. has made considerable progress/' 

When we consider that this investigation was undertaken by 
Sir Bobert Kane in a public capacity, and in conjunction witb 
the officers of the Geological 8urvev> it must be allowed that the 
public have a right to ask for in&rmation on the subject; and 
when we consider that Sir Robert Kane publicly pledged himself 
to produce his analyses, we must conclude that he ishound as a 
manof science to redeem his pledge and substfuitiatehis statement, 

I remain^ Gentlemen, 

Your obedient Servant, 

Trinity College, Dublin, JosSPH A. GaLBBAITH. 

Norember 14, 1865. 



LIX. On Reciprocal Molecular Indudhn, 

To Prof. W. Tlwmson, F.R.S. 
Mt SKAR Sib, Roytd Institution, Nor. 26, 1865. 

THE communication from Professor Weber which appears ia 
the present Number of the Philosophical Magazine^ has re- 
minded me, almost too late, of your own interesting letter on 
the same subject published in the April Number of this Journal. 
A desire to finish all I have to say upon this question at present 
induces irif^ to make the followmi;- rcniarks, which, had it not 
been tor the circumstance just alluded to^ might have been inde- 
finitely deferred. 

Witn reference to the mutual action of a row of bismuth particles, 
you say that "it is perfectly easy to demonstrate that it must be such 
as to impau* the ' diamagnetization ' when the line of the row is 
parallel to the lines of force'' (the ^must/ yon will remember, 
is put in italics by yourself). From this you infer, that in a 
uniform field of force a bar of bismuth would set its length 
along the lines of force. Fuilker on it is stated that this 
actiou IS demonstrated with as much certainty as the paral- 
lelogram of forces/' and you conclude your letter by observing 



r 
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that ''the assertions which I [yourself] haye made are demon- 
strable in every case without speeial experiment^ • . • • • and are 
absolutely incontrovertible, as well as in4»pable of Terification, by 
experiment or observation on diamagnetics/' 

Most of what I have to say upon this subject condenses itself 
into one question. 

Supposing a cylinder of bismuth to be placed wifhin a heHz, 
and surrounded by an electric current of sufficient intensity ; can 
you say^ toiYjk eertabiitf, what the action of either end of that cy- 
linder would be on an eEteanul fragment of bismuth presented to it ? 

If you caO; for my part^ shall rejoice to learn the process by 
which such certainty is attained: but if you caunot^ it will^ I think, 
be evident to you uiat the verb '*mu8t'^ is logically '' defective*'^ 

We know that magnetized iron attracts iron : we know that 
magnetised iron repels bismuth : this, so far as I can see, is your 
only experimental ground for assuming that magnetized bismuth 
repels bismuth, and yet you affirm that an action deduced from 
this assumption " is demonstrated with as much certainty as the 
parallelogram of forces/^ Do I not stftte the question ^Euriy ? 
I can, at all events, answer for my earnest wish to do so. 

It is needless to remind one so well acquainted with the 
mental experience of the scientific inquirer, that the very letters 
which you attach to your sketch, page 291, may tempt iis to an 
act of abstraction— a forgetfulness of a possible physical differ- 
ence between the n of iron and the n of bismuth — which may 
lead us very wide of the truth. The very term *'pole' often 
pledges us to a theoretic conception without our being conscious 
of it. Yuu are also well aware of the danger of shiittinj*- the 
door against experimental inquiry on an unpromising subji^et; 
and when you a|)parently do this in your concluding parac-i ajih, 
I simply accept it as a strong way of expressing your personal 
conviction, that the action referred to is too feeble to be rendered 
sensible by experiment. 

Believe me, dear Sir, 

Most truly yours, 

John Tyndall. 



LX. On the supposed Influence of the Hot-blast in aug men ling 
the quantity of Phosphorus in Pig-iron, By David S. Pkice, 
Ph,D,, RC.S. ; and E. Chambbbs NicholsonI'. 

THE employment of the hot-blast in the smelting of iron is 
admitted to occasion the production of pig-iron of inferior 
quality, that is to say, contaminated with larger amounts of 
foreign elements than that smelted with cold-blast. 

* Communicated by th(^ Anthors. This paper was read iu part at the 
British Associ&tiuu, Liverpool, 1854. 
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In the preient communication it is toot <rar iatMition to entUr 
upon the discussion of this rahjeet generally^ as we inlead 
serving this for a future comintniiartion^ but tohmit our remarks 
to the consideration of the supposed infittBBCe of hot^blsst in 
augmenting the quantity of phosphorus^ an element of almost 
constant occurrence in pig-iron, and to the presence of which in 
bar-iron peculiar property of die meial known ss-seM^Air^ 

ness is attributed. 

In a j)a|)(;r published in the Qnnrterly Joarnai of the Chemical 
Society*, aiul nlso m one read bctorp the British Association in 
1849t^ by Mr. WriL^ht^on, several analyses of cast iron, the pro- 
duce of Stalioiddhu'e furnaces worked by hot, warm^ and cold 
blast, are given to prove that a larger amount of phosphoric acid 
is reduced when hot>biast is employed. 

The increase in the per-centage of phosphorus in the iron 
smelted with hot- over that with cold-blast is exhibited in the 
following senes of Mr* Wrightsoii's results:-— 4 
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The ores from which the iron was smelted weie also analysed^ 
and found to contain the following per-eentages of phosphmnc 
acid: — 

Mnil* Bluaflalk Vtor vt^arth. Gubbin. White iron stoM. White free. Black fi«t. 

traces, traces. 100 0*82 0*95 0*90 trace. 

The increase in the amount of phosphoras indicated in thd 
above table as occurring in hotrblMt iron^ does not, in the ab» 
sence of a knowledge of the relative quantities of the respective 
ores employed, which vary as much as 1 per cent, in the quan- 
tity of phosphoric acid which they contain^ and also of an exami- 
nation of the blaat-fumace slag produced, appear to afford suf- 
ficient proof in support of this opinion* 

Karsten Xt in speaking of bog-iron orcj says that^ when smelted^ 
the whole of Uie phosphate of iron is reduced to the state of 
phosphide and absorbed by ^e iron. B6rthier§, from experi- 
ments conducted on a small scale, docs not coincide with this 
vieW^ and considers that the difficulty of detecting small quan- 
tities .of phosphoric acid must account for its not appearing 

♦ Vol. i. p. MO. t Chcm. Gaz. vol. vii. p. 478. 

\Kmabm\MrlSkti9mu^ Berliti, 1841, 

$ Ml/ cfef ^MOM iwr Toie VciiL p. 263» 
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amongst the oonstituents in the various analyses of.blaBt-fanitoe 
slags whieh he has described in his work. 

From experiments made by assaying pure haematite with van- 
able per«eentages of phosphate of time'*' and suitable proportions 
of flux and cbarcoal, we have, by analysing the buttons of metal 
and slags obtained^ taking care to select those only in which the 
operation was perfect, that is to say, in which a colourless slag 
and graphitoas button were produced, also corroborated Ber- 
thier's results, as will be apparent from the following table i—* 











Per-centage of phospbonu 


Pure peroxide of 


Fhocphate of 
lime. 




Cok«. 


m Du 


mm. 










Ciilculated. 




1. 10*0 grins. 


0-25 gnns. 


10-0 grms. 


2*25 grms. 


0-60 


0-56 


2. 100 ... 


075 ... 


100 ... 


2-25 ... 


1-83 


1-60 


3. 100 ... 


250 ... 


100 ... 


2-50 ... 


6-20 


2 GO 


4. I0H> ... 


5*00 .„ 


W ... 


m ... 


19*00 


6-00 



In the assay of ores^ and also of soorise from forge- and mill- 
fnmaees, which contain a large amount of phosphoric acid^ 
results widely different to the foregoing were arrived at. The fol- 
lowing, selected from a great number of experiments^ are marked 
illustrations of this : — 



grras. 

100 
10-0 



5. Welch .black-baud ordiuary' 
quality— calcined 

6« Argillaceous iron ore — cal- 
cined, very rich in phos- 
phoric add 

7. Brown haematite, also rich 
in phosphoric acid 

8. Scoriafrompuddling-furnace 10*0 

9. 5oofiafroDkDalIing-fumace...lO*0 



.10-0 



Lime. 


Coke. 


Flux. 


Per-ceiitagc of pho«- 
photiie in batton. 








Calculated. 


Found. 


3-5 


grms. 
175 


grms. 


0*82 


0*81 


15 


1*20 




6-60 


6-41 




20 


10-0 • 

100 
10^ 


6-90 
9*97 


670 

12-5 
2» 



The time occupied in performing the assays, and the furnace 
^ eonditions under which they were conducted, were about the 
same in all cases. Where flux wa.s employed, it consisted of two 
parts of clay-shale and one part of lime. 

It is necessary to state, that the phosphoric acid in the ores 
above cited was in combination with lime. In the cinders it 
existed as phosphate of iron. 

In experiments Nos. 1 and 2, it will be seen that the quantity 
of phosphorus found agrees pretty well with the theureticu 

* The amoimi of phosphoric sdd m the phosphate of lime was pieviously 

determined. 

PhU. Mag. S. 4, Vol. 10. >io. Dec. 1854. 2 F 



Digitized by Google 



4M MflimFiiMmtfNioliolioiKMlAtJMNmM 

amount, wliilst in 3 and 4 it falls coutiidc raljly short. That 
this is f)wiii<; to the length of time during wluch the reduction 
pruccss la carried on we have no doubt, as we have frequently 
repeated the assays with the same proportions, and have found 
the amount of phutipiiurus in the button to vary considerably, 
never having succeeded in obLainiDg more than lour-iilths ol the 
total quantity. If, however, the cementation were prolonged 
for a sufficient length of time, it is very probable that the whole 
of the phosphoric acid would be reduced. 

We ha?e andartaken many experiments upNon the large Male 
mth the yiew of deciding this point For t&is purpose we Imve 
determined the amount of phoaphorus in ivon that had heen 
smelted from argillaoeooa orea by eold-hlast, and by a blaat 
heated to 600^ F. 

The fbllowing are the reanlta 

L U. IIL IV. 
Hot^blaat . . . 0*74 0-68 071 0*58 

V. VT. VII. Vllt* 

Cold-blast . . . O-Sl 0 62 0-68 0-68 

The iron ia both caaea waa what is known as good No. 2 

foundry pig. 

In two instances it will be seen that the per-centage of phos- 
phorus is higher in the cold-blast iron than in the hot; but the 
difference in these .'nul in the other two is so sliglit, that it may 
fairly he attributed tu the variations in the composition of the ore. 

The slags produced simultaneously with four of the above irons 
were examined for phosphoric acid by the u.sikiI methods, as well 
as by molybdate of aminonia ; and it was only by the latter re-- 
agent that we were able to iiiid minute traces. Wc append the 
analyses of the tjlairo 

I. n. V. VI, 

Smcieacid .... 39*95 JO-20 41*64 41^*94 

Alumina 17*41 16*45 18*20 16*29 

Lime 2964 80*00 85*91 81*10 

Magnesia 6*47 7*29 4*21 4^16 

Protoxide of iron • . . 0^24 0'57 0*11 0*84 

Protoxide of manganese • 0*91 0*84 0*74 0*51 

Sulphide of calcium . . 3-60 2*71 219 2*16 

Alkalies ..... 1*46 1*80 1*70 1-87 

' Phosphorie acid . . • trace trace trace trace 

Loss ...... 0-32 0-64. 030 063 

10000 100 00 loo'Oo loooo 

* Those correspond with the per-centage amounts of phosphon»<? calcu- 
lated from the analyses of the ores, that the pig-iron should eontain if all 
die phosphoric acid were reduced. 
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As far as our experience enables us to judge, wc incline to the 
opinion tbat when the process of reduction is complete, or neai ly 
80^ tbat is to say^ when no oxide of iron or small quantities only 
pass off with the slag, that then the whole ci the phosphoric acid 
IS reduced, and the phosphorus absorbed the iron indcpcn*- 
dently el the temperatoro of the blast. The andyses aWe 
ffy&i prore such to be the case with the iron smelted from the 
ores ordinarily employed in this country, in vhteh the amount 
of phosphoric acid seldom exceeds 1 per cent* 

With ores and scoriae containing large amounts of phosphoric 
acid, we hare also had opportunities of proving that when smelted 
with hot-blast, all the phosphoric acid is reduced, and the phos- 
phorus absorbed by the iron ; this we have found to be the case 
with ores containing from 2 to 3 per cent, of phosphoric acid| 
and with scoriee with as much as from 8 to 10 per cent ; but we 
have not had an opportunity of examining a product smelted 
with cold*blast from similar materials* 

The following exhibits the per-eentage of phosphorus, (IX*) in 
gray pig-iron smelted with hot-blast from pisolitic iron ore^ 
'(X.) of gray pig-iron smelted, with hot-blast from puddling fur- 
nace soorin and day-shale 

IX. X. 
2-56 6-94 

The slags respectively made with these products had the hU 
lowing composition 

IX. X. 

Silicic acid 45*64 41'n 

Alumina 10-84 946 

Lime 3501 87-90 

Magnesia 8*16 2*11 

Protoxide of iron . . 0*71 0-39 

Protoxide of manganese . trace 1*61 

Sulphide of calcium . . 8*30 6 41 

Alkalies 0-82 0*71 

Phosphoric acid . . . trace trace 

Loss 0-52 0-30 



lOO'OO 



Phosphoric acid is present in blast-furnace slags when white 
iron is being smelted^ that is^ when the slag contams appreciable 
quantities of protoxide of iron^ as will be seen by the following 
analyses. 



2F2 
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SiHdeaeid 



Lime . - 

Magnesia . . . - . , 
Protoxide of iron . • 
Protoxide of manganese • 

Alkalies 

Sulphide of calcium • • 
Phosphoric aeid • . . 
LosB « 



XJL 


XTL 


41*11 . 


.87*84 


13*45 


18*20 




20^ 


4*76 


2-93 


6-44 


20-83 


0-66 


0'80 


1-84 


1-08 


1-34 


0-87 


015 


1-77 


0-44 


0-05 


100-00 


100-00 



No. XI. is that of a slag resembling black bottle-glass in ap- 
pearance^ and from its liquidity when melted is termed by the 
workmen a semiring slag. It was from argillaceous ore. 

No. XII. from pisolitic ore vvlien tlic working of the furnace 
was much deranged. This slac: was exceedingly heavy, of a pitch- 
black colour, with the surface of the blocks i?i the tap ivagons of 
the dull; dark red^ bronze-like aspect ubaracteristio of yeiry bad 
furnace slap's. 

From these results we must regard the ore as being melted up 
(not smelted) and flowing away with the slags, although in very 
dilferent degrees in the two exaiiiple& given. 

The analyses of cr\'stalline slags by Percy mid D. Forbes*, in 
all of which phosphoric acid was sought, lead to the same infer- 
ence, phosphoric acid having been discovered and estimated in 
only one instance, and that in a slag similar to XI. It contained 
FeO 4-94, and PO* 0-19. 

In conclusiou we wiii briefly recapitujate the lesiiits of our 
experiments. 

Ist. That in assaying ores, all the phosphorus of the phos- 
phates will be found in the button. 

2nd, Hiat when the ord&iary iron ores, such as the aigilla- 
ceons ores, black bands, haematites, &c. are emelted, the iron 
produced, if it be gray, will contain all the phosphoros of the ore, 
whether the furnace be driven with hot or cold blast. 

Lastly. That the slag may contain phosphoric acid in deter- 
nunable quantity when white iron is being smelted. 

* British Asflodatiim Report, 1846; snd Chem. Gas. vol. v. p. 29. 
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LXI. Some ConmderaHoiu re^^eeUng the Lunar Origin of Aero* 

lifes. Bff R. P. Greg, Esg.^ 

DR. LAWRENCE SMITH of Louisville University, U.S., has 
just published in the American Journal of Science, Second 
Series, vol. xix. May 1855, an interesting memoir on ^Ictcorites, 
which deserves attention even from those who may not agree with 
(he theory of their lunar origin. He directs attention to the phy- 
sical, chemical as well as mineralogical, characteristics of aerolites, 
pointing out the volcanic and igneous natare which some of them 
possess. He agrees with me in the iihportaiice of separating 
these hodies from shooting stars and periodic luminous meteors, 
a circumstance which no astronomer except Olmsted has noticed 
or valued. Re rejects their atmospheric origin, and considers 
them as certainly belonging to, or as having proceeded from, 
a larger whole, and not to have resulted from the condensa- 
tion of so many independent cosmical particles. He then comes 
to the kmar theory^ and lifter giving its history and naming the 
principal advocates of iff, lays down the following proposi- 
tions: — 

" 1st. That all meteoric masses have a comniunity of origin, 

" 2nd. At one period they formed parts of some large body. 

''8rd. They have all been subject to a more or less prolonged 
igneous action corresponding to that of terrestrial volcanoes. 

" 4th. That their source must be deficient in oxygen, 
dth. That their average specific gravity is about that of the 
moon. 

"From what has been said under the head of common charac- 
ters of meteorites, it would appear far more singular that these 

bodies should have been formed separately from each other, than 
that they should have at one time or anothei- constituted parts of 
the same body ; and from the character of their formation, that 
body should have been of great dimensions. lict us suppose all 
tlic known meteorites assembled in one mass, and regarded by 
the philosoplier, mindful of our knowledpe of chemical and phy- 
sical laws. AYould it be considered more rational to view them as 
the great representatives of some one body that had been hroken 
into fragments, or as small specks of some vast bsjdy in space 
that at one period or another has cast them forth ? The latter, it 
seems to me, is the only opinion that can be entertained in re- 
viewing the facts of the case. 

"As regards the igneous character of the minerals composing 
meteorites, nothing remains to be added to what has already 

* Commimicated by the Author. 

t It was proposed by ao Italian philosopher, Tcrzago, in 1660, and has 
been at dimnnt times, and for various reasons, supported by (MberSy Biolj 
Bnodes, PoisMMi» Qnetetot, Aiago, BeDsenbufg sad Laplaee. 
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been said ; in fact no mineralogist can dispute the great resem- 
blance of these minerals to those of terrestrial volcanoes, they 

having only sufficient difference in association, to establish that^ 
although igneous, they are extia-terrcstrial. The source must 
also be deficient in oxyiren, eitlu r lu a gaseous condition or com- 
bined as in water : tlic reasons ior so thinkmg have been clearly 
stated a*^ depi ntlt iit ujjon the existence of metallic iron in mete- 
orites ; a metal so oxidizabl^v, that in its terrestrial associations 
it is almost always found combmed with oxygen^ and never in its 
metallic state. 

"What then is that body which is to claim common parentage 
of these celestial messengers that visit us from time to time ? 
Arc we to look at them as fragments of some shattered planet 
whose great representatives are the thirty-three asteroids between 
Mars and Jupiter, and that they are ' minute outriders of the as- 
teroids ' (to use the language of jMr. 11. P. Greg, in a late com- 
munication to the British Association) which have been ultimately 
drawn from their path by the attraction of the earth ? For more 
reasons than one tlus view is not tenable ; many of our most di- 
stinguished astronomers do not regard the asteroids as IWigmeiita 
of a shattered planet ; and it is hard to- believe if they were^ and 
the meteorites the smaller fra^ents, that these latter should 
resemble each other so eloselj in their composition ; a circnm* 
stance that would not he realised if our earth was shattered mto 
a million of masses large and small. 

" l£ then we leave the asteroids and look to the other planets^ 
we find nothing in their otmstitntion^ or the circnmstancca at- 
tending them, to lead to any rational supposition as to their 
being the original habitation of the class of bodies in question. 
This leaves us then but the moon to look to as the parent of 
meteorites, and the more I contemplate that body^ the stronger 
does the conviction grow^ that to it all these bo<Uea originaUy 
belonged/* 

J)r» Smith then notices the similarity existing between the 
respective densities of the moon and aerohtes, but does not lay 
great weight on that point ; though he thinks their chemictd 
composition a strong ground in favour of their lunar origin* He 

goes on to say, — 

" Laplace's view of the matter was connected with present vol- 
canic action in the moon, but there is every reason to believe 
that all such action has long since ceased in the moon. This, 
however^ does not invalidate this theory in the least, for tlic torce 
of projection and modified attraction to which the drt ached 
masses were subjected, only gave them new and independent 
orbits around the eartli, that may endure for a great length of 
time before OQmmg m contact with the earth. 
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''The nriowi Mtmncmm cited eoaour in the opinion^ that 
^ body projected from the moon witk tlie velocity of about 
8000 feet per eeeond, wonld go beyond the mntiial point of 
attmelaon between the earth and moouj and .already having an 
orbital velodtyi may beoome a wtelUte of the earth with a modiv 
fied orbit. 

The important qnestion then for considaration is^ the foree 
leqnitite to prodnoe tiiia velocity. The force exerciied in terres- 
tnal yoloanoea vaiiea. According to Br. Peters^ who made ob- 
servations on iBtna^ the velocity of some of the stones was 1250 
fret a lecondj and obeervatiohs made on the peak of Teneriffe 
gave 3000 feet a aeeond, AsBuming, however^ the former velo* 
city to be the maximum of terrestrial volcanic elPects^ the velocity 
¥dth which the bodies started (stones with a specific gravity of 
about 3*00) must bave exceeded 2000 feet a second to permit of 
an absorbed velocity of 1250 feet through the ficnscr portions of 
our atmosphere. TS'ow suppose the force of the extinct volcanoes 
of the moon to have equalled that of Minn, the force would have 
been more than sufficient to have projected masses of matter at 
a velocity exceeding 80(X> feet a second ; for the resistance to be 
overcome by the projectile Ibrec, is the attractive force of the 
nioDTi, which is from hve to six times less than that of the earth, 
80 that the same projectile force in the two bodies would produce 
vastly greater velocities ou the moon than on the earth, discard- 
ing of course atmospheric reaistaaoe^ of which there is none in 
the moon*.** 

In the follow niir, I think Dr. Smith, ua he dues in several of 
his arguments, rather begs the question in his anxiety to make 
the moon's position and physical powers fav our as much as pos- 
sible the production and discharge of aerolites to the earth. It 
would appear to me more reaionable and oonaittent with oar 
idcaa of terrestrial vokanoea to anppoie, that the total absence 
of water and atmoephere in the moon is favourable to the notion, 
that voleanic action there is of a less violent and ezploaive cha^ 
neter than on the earth. Br. Bmith says^ however^--^ 

*'But doubtless, were the truth of the matter known, the 
projectile foree of hinar volcanoes fu exceeded that of any ter- 
restrial volcanoes eKtinct or reoenti and this we infer from the 
enormous craters of ekvation to be seen upon its surface, and 
tiietr great elevation above the general surfaoe of the moon, with 
their boortes ibousands of feet above their oentre; all of which 

* The editafw of the AmeiieBn Joonisl here inasit the fbttowhig hi a 

f6ot»DOte: — 

** It would require at the moon the same force to produce an initial ve- 
locity of 8000 feet a second as at the earth i and the difference of rate at 
the end of tlie iint second would be slight (discarding from consideration 
the atmoepliflra).— Eos." 
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point to the immcxise iiitcnial Ibrce required to eievate the 
melted lava that must have at one time poui'ed from their sides. 
I know that Prof. Dana, iii a learned paper on the subject of 
lunar volcanoes (Am. J. Sci. [2] ii. 375), argues that the 
great breadth of the craters is uo evidence of great projectile 
force, the pits Ik nii; rcpirded as boiling craters where foixe for 
lofty project 101 i cuuid not accumuiate. Although his hypo- 
thesis is iiigeiiiously sustaiiicd, still, until stronger proof is 
urged, we aie justified, I think, in assuming the contrary to 
be true, for we must not measure the convulsive tliiocs of 
nature at all periods by w hat our ImuLed experience has enabled 
us to witness. 

''As regards the existence of volcanic action in the moon 
without air or watec^ I have noihing at |>resent to do, particu- 
larly SB those who have atudied vokaaic aefcian <M}ncede that 
neither of these agents is absolutely lequired to prodnae' h ; 
moreover, the surface of the moon ia the stengeat eyidenee we 
have in favour of its oceurring under those cinminstanees.'': 

Doubtless volcanic .action has been highly developed at the 
sur&ce of the moon, but in the ahaenee of all water^ we may 
conclude that lava floods have rather hcea emitted.-from hervof- 
canoea, than dischargies of stones and aahea» 
• It is still considered by -some astronomers that the moon is 
not altiogether without an atmosphere ; though that be of small 
extent, it may nevertheless be rich in oo^gen. It would he dif- 
ficult to suppose that the extensive volcanic action which has eri^ 
dently taken place in the moon^ could have been exerted or main- 
tained without the presence of onygsaj rand if we i admit : that 
aerolites come from that . bod^, we must necessarily eenoede 
there the esdstence of oxygen, since most aerolitea oontaina con- 
siderable quantity of silica, magnesia affd alumiiM. . 

After all, the scarcity of oxygen where meteerites originate, a 
fact in itself highly probable, as based on the non>oxidation of 
the iron, nickel and phosphorus, if true, does not prove they 
proceed from the moon, but merely that, they ooine tern aome 

place deticient in oxygen. 

It" meteoric masses of native iron reallv come fmm the moon, 
then* non-oxidation might arise more from the absence of aqueous 
vapour than from an absence or deficiency of oxygen. While 
fairly admitting that some aerolites have proceeded from lunar 
volcanoes, because such have all the characters of erupted vol- 
canic rocks, as those of Juvenas, Weston and Bisliopville, it 
by no means follows, as Dr. Smith would argue, that all met^ric 
masses, even iron ones, also come from the same suuitie or place; 
for in many aerolites and meteoric irons there is little if any- 
thing of a volcanic character. 
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We oianot reMonably suppose that lunar volcanoes have 
c^eted 'CiiovBioiMr mm* of isem, nrheiher in a pure or oxidized 
state, when iron oemiits iu sucii small quantity and so rarely as 
the product of terrestrial vdleanoes^ and then most frequently de* 
posited .by snblimaiidii^ The density of the moon^ as giveii by 
Dr; Smith, is only 8*6^ while that of the earth is 5*6 ; this ren- 
■dm it still more improbaUe that substances of greater density, 
' as the metals^ are more abundantly ejected from the volcanoes in 
the moon, than from those of the earth, the latter body having^ 
the /greater average density. I would also observe, that the 
metal mekelf present in iajimoBt all known aerolites imd iron 
masses, has never yet been observed as a direct product of our 
vokanoes; this is not, however, an argument of nmcli moment 
one way or the other, especially as that metal, in the form of 
led nickel, is known to oeeur in grauwacke at Reicheladorf in 
He«sia«. 

The argument, however, against the first proposition of Dr. 
Smith, that i^i meteoric masses have a community of origin,^' 
(and militating therefore against his conclusion that that com- 
mon origin is the moon's volcanoes,) which may be most forcibly 
illustrated^ where wc consider the case of an iron mass weigh- 
ing from 10 to 20 t^ns, as those from Duraniro and Rio do la 
Plata ; for it is at once evident that no ordinary initial volcanic 
force could ever project such ponderous masses beyond the point 
or limit of the mutual attractions of tlu^ moon and eartli. The 
calculations which have been made respecting the velocity of 
stones projected from .'Etna or Tencriffe, are based on the sup- 
position that such stones arc of modei ate size, having a density of 
only 3*0, or nearly three times less than that of iron. 

I believe I am speak lui; within bounds when I state, that no 
stone weighmg more than 100 lbs. has ever been ejected from 
th< above-named volcanoes by a force, which, if exerted at the 
rnoou^s surface, would allow of its reaciiiug the desu'ed point of 
neutralized attractions. 

i )r. Daubeny 8t4ites that the stones which overwhelmed Fompeii 
(lid not weigh more than 8 lbs. ; and I myself can bear witness 
that the largest erupted blocks which crop out from under the 
lava of Mount Somma, and much nearer the central cone there- 
fore than Pompeii, seldom exceeded 50 lbs. in weight. It can 
assuredly then onfy be stones of very moderate size, say of some 
5 or 101bs.> which eonld in any case, reasonably and practically 
speaking, reach or pass that limit where the miperwr attraction - 
01 the moon herself is lost. • 

It snrdy would make a material difference in our calcula- 

* I have a fine specimen iu my cabinet oi miiierak from that locality, 
tibe mitriz veiy miiph veieiiiblmg some meteotic itonei. 
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tions, whether a mass proiocted from a Tofamno in the moon 
wei£^ dOlkw. or aO^OOO lbs. i Init raflh a difievenee Dr. Smith 
nems entirely to have overlooked ; it ia auflbieiitl^ great, hoir- 
mr^ ia the pretent Btata of our knowledge of tma mbjecty to 
ofrer^role the possibility that the larger iron meteortc masaea can 
have a hnat or^m» 

Br. Smith givea m thoMtoltof aomeintereating expertmenta) 
to |»rove the fidlaoy ci judging of the actual dee of meteors fay 
ihett apparent nae ; I shall again quota hia own woida^-* 

*^ In my expenmcnta^ three solid bodies in a state of vigorona 
incandescence were used : 1st, charcoal points transmitting eleo* 
trtoity; 2ndly^ lime heated by the oxy-hydrogon blow-pipe; 
8vdly, steel in a state of incandescence in a stream of o:!qrgen 
gas. They were observed on a clear night at difeent distsnces, 



>llt 
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horizon. "Without going into details of the experimeiit the re- 
soha will be tabulated. 

Actual diam. Apparent cliiuft. Apparent diam. Apparent diam* 

fecn at 10 in. at 200 y;\r«1«i. «t 4 mile« at ■) mile. 



Carbon points -ji^^ of an inch, ^ Ute di«ua), mqim't dia^ 3iUMB«do. damudi^ 

Lime liirht . . ^ ^2 2 

loGaudes. steel 

"If then the apparent diameter of a luniinoas meteor at a 
given distance is to be accepted as a guide for calculating the 
real the of these bodies^ the 

Charcoal points would be 80 feet in diaiu. instead of -fi^ of an iu. 
Lime ••• ••• 50 |^ ••• 

The steel globule 25 

' I need not here enter into any explanation of these de- 
ceptive appearances, for they are well-known facts, and were tined 
in the present form only to give precision to the criticism on the 
8iijj]) »se(l size of these bodies.'^ 

Dr. Siiiith is evidently anxious to reduce to a minimum the 
size of the lunar aerolites, and proceeds a little further on to 
say 

" This then will conclude what I have to say in contradiction 
to the supposition of large solid cosmical bodies passing through 
the atmosphere, and dropping small portions of theurmass. Tho 
contradiction is seen to be based; first, upon the fkct that no 
meteorite is known of any very great size^ none larger than tho 
•granite halls to be found at the Dardanelles along side of tho 
pieces of ordnance from which they are discharged ; secondly^ on 
the isJlacj of estimating the actual siae of these bodies inm 
their apparent siie ; and lastly from ita being opposed to all th6 
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laws of chance, that these bodies shouUi have been passir^ 
througli an atmosphere for ages and none have yet encoauterei? 
the body of the earth." 

It is not strictly true that no meteovite is known of any great 
Buei fb e, not \xtfgix than the wdl-knovn cannon-balls of granite 
at tiie Dardaaelles, for one or two of the larger meteoric iron 
BmsM iiave beea deaenbed by tnnrellere aa being 7 feet in' 
iagtii and -weighing Id tons. It wonld be impvobaUe that 
Ba<£ a nuNn could be projected beyond the mouui of either a 
Ulnar or tenraabnal yoli»no> much kaa reach a height of several 
thmuandfcat. 

!Ehe fbUowing calculationa will show' that a mass of inm, 
having a sphenisal form, and weighing 20,000 lbs., could not 
maooAbly have a greater velocity than 872 feet in • second if 
projected from a lanar volcano. The calculations are baaed on 
the £c»llowing premises. 

A stone having 5*6 inches in diameter, with a density of d*0| 
and weighing 10 Ibs.^ is assumed to be projc^sted from a lunar 
vokano at the rate of 9000 feet in a second, t. e. with a velocity 
more than sufficient, according to Dr. Smith and others, to allow 
it to pass the limits of mutual attraction between the moon and 
the earth. 

Taking the sp. gr. of iron 8*0, and bearing in mind that the 
areas are as the squares and the masses as the cubes of the dia- 
meters, we arrive at the following results. A mass of iron (glo- 
bular) to wei^!:h JiO,( )()() lbs., sp. gr, 8, will be a little over 50*9 
inches in diameter ^ found thus 

/ 2aoonih.xi noz.xl728X ^i3;^009 = 50-9in.nearly. 
^ V 8000 sp. gr. X -5236 / ^ ^ u. ueiuriy. 

A similar ma^ss ot stone Lo be the same weight, and »p, gr. 3'0, 
must be 70'6 inches in diameter j found thus i'-^ 

^ ^132009x8^ ^ ^862024 = 70 6. 

Now if a piece of stone 5*6 inches in diameter, weighing 10 lbs., 
be projected with a velocity of 9000 feet per second, a mass 
70-6 inches diameter, and weighing 20^000 Ibs.^ could only be 
projected with a velocity of 715 feet per second, because the 
woghts would increase so much faster than the sectional areat 

Lbt. Diam. Vulocitv. 

Thus as . ('0^)* 900o'. 

inusas _— . j^:^ »uuu, 

or as 2000 : :; 900 : 715 feet. 

81-96 
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49^ Mr. U. J* iko«k^ m m N^ Qre> of Silver, 

iiie inass of it^ 'ha««lm aectsooiliweft Ahani ataoeJftecanase 

f its gi«BCiir tpediio gravity, T»K>mit)i6' propotliw of (9Q^D)1 
o (70-6)^; it would taerefiire My be pnofBeled widi awoeily- 
^872 f«et pel* teoted-^-or'at - . ... :i > • 

498436 : 25908X : : 715 : 372, " * ' 

That in;' a velodty tnoife than 1i(y^km»^i»k]t*mM to allovr all 
tlie'laiMflciiOm loeUoriit aiafiM.'t««aa0hldi0Mitii^ if prcjeataMl 
fhnn'tfraiiartoleiaid. ' ' ' • . . m.- m • • 

* The exdasiottr ftdta- a' Innar Origin of the largav netoilrie 
masses, especially iiNm on^s, though not ^hapa altofietfaer 
subversive of the lunar theory generally, is yet injaiioQa -toita 
stability. 

The physical constitution and intemri appearanee of •aomo 
aerolites also, as those of Barbotan, Weston, Juvenaa^ and 
Bishopville^ are entirely oppose^ to the idea either of an atmo- 
spheric origin, or of any consolidation of ^homologous, or 
nebulous particles existing in interplanetary space. They are 
evidently peris, as Dr. Lawrence Smith tikewise justly insists on^ 
of some larger whole, and are not nnfrequently true igneous, if 
not volcanic rocks. PhysicaUy'speaking, there is little choice 
left to us but to consiuer some of theui certainly as having 
true geological and mineralogjcal characteristics; either pro- 
ceeding from volcanoes in the pioon^ or portions of a broken 
satellite or planetary body : there may ind^ be difficulties and 
objections to either supposition. 

In a previous Number of this Journal, I endeavoured to 
brinj^ forward sonic arguments and facts in favour of the 
Intter idea, and I barely alluded to the lunar theory, but since 
the publiration of Dr. Lawrence Sniitli^s elal) orate essay in its 
favour, I have now ventured to state more tuily some reasons, 
not without their weighty against a theory in many respects 
so plausible. 



LXII. On a New Ore of 8^. By H. J. Bbookb, F.B.S..* 

IBECEIYED some years since froui Mexico a specimen of 
an ore of silver, said to be carbonate. It occurs in small, 
compact, irresular-shaped, earthy-looking masses, imbedded lu 
carbonate of liuie and quartz accom])aiiicd by crystallized blue 
carbonate of copper. Its colour is dull, dark gray ; it is entirely 
devoid of lustre, and its hardness appears to differ in different 
parts of the specimen. 

* Commumested bydieAullior* 
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It was emninbd ia<ii nmsf eancny maimer l^r^tlMbte Siduwd 
FltQiips;' aad'itetpaetioii'he enmuted iMing fonnd to idkm^c^ 
yihth add and to ooatamrsflVer; he was fed to regard it m a.car* 
bonat^ and particalarhr as it bo maeh reatebled tbe e^rbonate 
of ailTer desmbed by Sdb. 

A recent examination ot it^ however, by Mr. Richard Smithy 
the metalltngNallabonatory at tko Miiweiim oi Fractica) Qeo? 
hm in Jennyn- Street, ahoiniiit .to .b^ a>?aey difi^reut compound, 
and one new to mineralogy ; and there can be no doubt that the 
oavbooie acid which deceived Mr. PhillipS'^m deciyod firo^i-ahe 
intermii^ carb<»iatea of lime and of eopper. 
- The analyaif of two small portions of the earthy part of ti|e 
substance separated from the matrix ga^e the following^ Xjeaults 
per eent. 

Silver .... 1G 09 " ' 17-18 

Antimony . . . 7*82 7-50'" 7-28 
Sulphur .... 1-41 " - ^:.i-.jn.jig2|riM',. 

/■/'Selenium . . . 2-81 'Z'' V '/ 3^5^!^ ' 

, Chloride of «lvef V 1-2^ ' ' -Sf^y ' ^ 

; Oxide of copper :'^ 'l0# ; ^ ' mt * ' 

• .Silica 45-59, . , \ 41-8'1 

, Alumina . , . , ' i'O^I ' ! 

;. \ Pen«ideofA« • ^ " ' 

lime . '■ . V"".' 1-7^ ' '--gw-''^'^^- 

,, Carbonic .acid , :. "'"^M"'^ ' 

^ The wliole of the copper cuiituinud in the uiuiciiil is dissulvcd 
out by acetic acid ; jVoiu this we niu) i.iiit;r Lhut it nut present 
in the form of sulj)lnde or selcnidc. The acetic acid solution 
was found to contain lime, but did not give any precipitate with 
the addition of hydi-ochloric acid, nitrate of silver^ or chloride of 
barium. ■ . 



I ' ■■ ■ ■ . " ; ' , 

I 

LXIII. Notices retpeclinff New Books* 

Hvi^Wi* 9 Beading Lessons, First Book. London : X^ongman^ Brown, 
, , C(reen, and lion^mw^s. ipSSJ ' ' , ' 

THOSE who are practically engaged in the education of youth 
will be best able to appreciate the value of such reading lessons 
aa Mr. Hoghea tntenda itia to ba^ aa watt as the diffioultiea which 
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488 Notices respeolinff New Books, 

have to be eiirmouiited io realmog Iim ideal. In cnder to form a 

fair estimate of the tucceBi of hie uAdertaJdng* and to make these 
difficulties understood, it will be veil to consider briefly what i« 

required in such reading- lessons. 

In order to suit all tastes, thv subjects should embrace the scvcml 
departments of literature, science, and art. The writers should be 
men of known ability, accustomed to original research in their several 
departments, so that what they write may be quickened by that 
peenlkrr frethneae and vigour wUdi a dircet aeqfuaintaiiee with their 
aabjeota akme oan give. Baeh lesK>n thooM be a creatum, and not 
a oonpliation. Each author should strive by all possible ncana to 
arouse and maintain the intereBt of his reader ; for this porpoae be 
should avoid too much detail, and should be less anxious to increase 
the number of his facts, than to surround each fact with its own 
atmosphere of intpn 'st. All looseness of expression and insufficiency 
of explanation sJiuuld be carefully avoided, their consequpuces upon 
boya being extremely dishearteamg and injurious. Tiie strictest 
aoonracy in ^eta and ezpresnona d^ouM be preserved, and aU defi- 
nitioiiB riMrald be as elear, decided, and concise as possible* 

The cKffionlty of Mr. Hnghes'e task will now be evident. To find 
a nnmber of men to oo-c^erate with him in the fulfilment of the 
above demands is not ea.sy, and it will not, therefore, be surprising 
to find that the success which has crowned his efforts, though con- 
siderable, is not complete. As far as this fir«t book is concerned, 
however, we shall see that its success is certainly tiuificient to encou- 
rage him to persevei'e in his praiseworthy task; and we sincerely 
hope, that whilst preserving the many good qualities of the first, 
hla forthoomiog books will be free from its defects. 

This is not fiie plaoe to speak much of the departments of litera^ 
ture and art. We ahall merely remark* that the lessons on Mental 
Colture. by Mr. Edward Purcell, contain many sound thoughts and 
much good practical advice ; they will be read by serious youths of 
more advanced age with profit and interest. The Biographic?, which 
form an admirable feature in a boy s reading book, are oa the whole 
well written. We know nothing more calculated to rouse a boy's 
faculti(;&i into activity, and induce him to be diligent and perseverin^f 
than well-written lives of men who have demons^ted by their 
vorim what diligenoe and perseverimee can aooomplish. In the 
fc^hcoming books we hope to see this feature more fully developed. 
The selections of poetry are not as well chosen as we could wish, 
neither can we say that the lessons on Music and Fine Arts are likely 
to prove quite successful. The chapters on En owlish Literature by- 
Mr. George L. Craik are well "written, and will find many renders. 
Believing, as we do, that these lessons may do something towards 
cultivatiog a love for English literature in boys, we shall not stop to 
inquire whether the rival claims of English authors are there quite 
justly stated ; for it is far more important to develope in boys tiie 
P9m9r of jodgbg for themselves, than to furnish them with the 
^pmons of other judges, Sverybody knows the attractions which 
natiiiil hietory pomnm for young people, and we doubt not that 
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Mr. Patterson will be fully a])i)rcciated by tliem. Want of space 
will not rIIow U8 to do more tliau notice, that the departments of 
Ethnology and of Animal and Vegetable Physiology are in thehandB- 
of the well-known writers Latham, Mann, and Lankeftter. Wft 
liaateii to eomider more oaxelbUy tbote parte of the book with vluiBe 
subjecto we are more immediately ooanected. 

Mr, Hughes himself is the writer of the kaBoaa on Physical Geo^^ 
. graph^r; and» aa might be expected from the originator of tbe.Wibol« 
scheme, has performed his task well. We wish we could sny the 
aaxne of Mr. J. Beete Jukes, the writer of the pages on Geology, or 
rather Mineralogy. From i\ director of the Geological Survey of 
Ireland one naturally expects to have interestuii^: articles, or at 
least, articles free from gross inaccuracies; but jutsUce, and the very 
fact of his high position, compel ua to say that hia piodiMtiiHia avo 
neither interesting nor free from the moat egregioua htimden ; iadiaii 
liie book would be oonnderably improved if hia part of il: oonld 
completely suppressed. We are quite aware that a sentence so 
aeveio as this should not. be lightly pronounced, nor should it be 
unaccompanied by proofs ; no other consideration except this would 
induce us to give greater prominence to errors which we feel sure a 
careful perusal would have prevented. The articles are uninterest* 
ing on account of their sterility, and of the almost entue absence of 
that freshness and life which we believe to be indispenaahle. The 
iinintereatiiig deacnptioiu of mioenla, uneaUveiied« aa liiey to m 
great eictent an, by Jntwaatuig aaKOGtationa. aie iu mDM<0Bloi1«tod 
to eheok than to awaken in the reader any love fior the seboaa* 

But the facts brought forward are themaebea oliteA inmviitlo* 
and the author's ignorance or unpardonable carelessness will unfor* 
tunately either confuse or misinform the attentive reader. For 
instance, on page 72 the reader is informed by Mr. Jukes, that 
"common salt is formed by the combination of aoda with hydro- 
chloric acid,'' and on page 217, by Prof. Frankland, tiiat it ia formed 
by the oombination of eodium and ohloiiiifl. Wb^ ia be to bdiefa ? 
Mr, Jnkei calla fluor-spar a fluofate of lime. No auiih eov^nndita 
the latter ib known to oliemistar-fl«Qr«apav ta fltioiide of calcium* 
Iodine and bromine are placed among the aeven aubstances which, 
according to Mr. Jukes, " when pure, are always found in the state 
of gas or aeriform fluid ;" now every chemical hook we have seen 
tells us thut iodine id a dai k-coioured solid having a metallic lustre, 
and that bromine ia a liquid of a very deep brownish-red culour, and 
almost three times heavier than water. Agaui. we arc told that 
platinum ''is the heaviest of all metala except gold." Now the 
apeoifio gravity of platimuni altbovgb it vanta a liittla vitb iliatnio» 
tuiie* ia about 2l'6t wbeiaaa that of gold ia only 19'5» More bhui* 
dera might be exposed» bat the above surely warrant our aeveiie 
sentence. With the hope, therefore, that Mr. Jukes wiU either Im 
more cautious, or decline writing altogether in such books, we pass 
on with pleasure to Professor Frankland's lessons on Chemistry. 

These lessons have many good qualities, and from the spirited 
and pieu&aut mauuej: iu wluwix they tu^ wiitteOi they Mrill no doubt* 
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as they deserve, have many admirers. The facts are here accurate, 
ftnd the manner in which they are introduced, as well as the peculiar 
treatment of the whole subject, leave no doubt upoa the mUid that 
the author is peifectlj at home, and speaks from his own experience. 
It is only as critics that we feel it to be our duty to 'draw attention 
to a slight absence of strictness and philosophic accuracy in some of 
the theoretical questions introduced ; before doing so, however, let 
us admit that these defects diminish but little the value of the les- * 
sons ; indeed, their general excellence suggests, in tsome measure, 
that closer examinatiuu which has led to the detection of what we 
deem to be faults. For instance, great and, we think, undue stress 
is laid upon the elective character of the chemical force, by which it 
IS thought to be distinguished from dll other natural forces. " If/' 
says the author, " we place a piece of silver and a piece of iron in a 
tumbler of water, we notice after the lapse of a few days that the 
iron has lost its lustre and become covered with rust, whilst the 
brilliant surface of the silver rcmnin? unchanged. Here one of the 
constituents of the atmospliere, oxygen, which was dis>c)lved in the 
water, fimllag itself in the presence of silver and iron, made a selec- 
tion between the two metals, and preferring the iron, united exclu- 
sively with that metaL" This is quite true, but it can scaicely be 
oonsideredcharacteiistic of the chemical force; (or Professor FVanuand 
knows quite well, that if a magnet were presented to the same two 
pieces of metal, it would manifest precisely the same preference, and 
make exactly the same selection. Again, the term elasticity is used in 
a rather obscure manner. Let us suppose that the 3'onng reader has 
turned to the very useful appendix at the end of the book, and found 
elabticity defined, very properly, as " the property which some bodies 
have of recovering their form and dimension after the force which 
changed their shape and appearance is withdrawn," and then imagine 
his confusion when he reads the following sentences : — "Heai is the 
principle of ehstieity" — ** Just as cohesion modifies chemical affi- 
nity, &c., so heat or elatiieity produces analogous results by the 
formation of volatile compounds, and their expulsion in the gaseous 
form." Or lastly, "the mode of decomposition being here deter- 
mined by the elasticity of the carbonate of ammonia, which is ex- 
pelled from the mixture in the form of white vapours. ' It may be 
objected, that in chemistry the term elasticity has a different meaning 
from tiie ouc above given i but if so, why has not Mr. Connon no- 
ticed it in his appendix to the article on chemistry? The feet is, how- 
ever, that the terra has, or ought to have, but one meaning, and in 
the lessons on. chemistry other words would certainly have conveyed 
the author's meaning more distinctly. These defects, however, are 
not serious ones, and we are of opinion that the lessons on chemistry 
are amongst the most successful of the series : we heartily recom- 
mend them to the attention of all young readers. 

Mr. Purcell's lessons on Mechanics are also well and clearly 
written. 

Professor l'y^^®^'s» Natural Philosophy, are in every rc&pect 
adnuvable. llie style is attractiye, Iucid» and vigorous. The col- 
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lision of bodiefl»-and the laws of falling lK>dies, are' generally some- '* 
what difficult questions for boys, but they are here made ao remark- 
ably clear and simple that no boy of ordinary intelligence can fail to 
understand them. All we will add is, that if the boy not only reads, 
but studies these lessons, and then tries to aolve the problems pro- 
posed therein, his success will be certain ; and it will bring with it 
so much pleasure and encouragement, that lie caimut fail speedily to 
oTemme fior greater ^ifficultiea.' 

The last iMsons we ahaU notiee 'are those hf the llev. Kobert 
Main, on Astronomy, wlu' h may abb be pronounced - successlal* ' 
The explanations are usually clear, tbongh there are aorne obaeiire 
sentence?. For instance, in the following there is surely some mis- 
print : — " I'he real motion of the earth from west to east produces an 
exactly equal appan nt motion of the sun in the same direction." In 
the following there must be some omission : " Since the ecliptic and 
equator are both great circles, that is, since both pass through the 
vinUe ^here of the heaTensj their planes wUl 'eut each other in a ' 
line* whiefa is a diameter ofthe sphere." We disagree with the in- 
troductory aetftence, too, inasmuch a» We oaimot understand " why 
the grandeur of its objects " caa^ make astconomy the noblest of 
all physical sciences;" neither are we aware that astronomers are 
more "completely separated from the petty cares and concerns of 
our present existence " than other physicists. All this is merely 
accredited nonsense, usually uttered thoughtlessly, and not worthy 
of b^g uttered at all. It forms no part of Mr. Main's lessons^ 
however, wfai^h are really good. . 

In condnsion, we wish £fr. Hughes ewf SQeoess ; :his first book 
is a good one, and we hope hia fotare hooka wil> be. better. We 
have given unusual space to our review because we deem his project 
an important one, and because it is almost the first of its kind in 
which the principle has been recognized, that only the abkst men 
can expound the elements of a science suecessl'uUy, and that the task 
is in every respect worthy of their valuable time. 

A DreaUse o» Cwh Seeikm^ .B^^ the Rev, Giobob »auion> AM.^ 
Third Edition. London : Longman, Brown, Gneen, and Long-. . 
mans, 1855. 

It is a source' of considerable satisfeetion to find, amongst the 
crowd of very imperfect educational books which are daily issued from 
our press, a treatise so truly valuable as the present \ and it is also 
cheering to learn that the public has so far recop'nizcd its merits as 
to demand a third edition. The book is now sufHc iently well known, 
otherwise its title might mislead many; for although it is true that 
the greater part of it is devoted to an examination of the properties ' 
of the eonic sections, yet this being done from an analytical point, 
of view chiefly, it was neeessary to prepare the reader by a similar 
investigation of the properties of the line and drcte ; ao that, in fact, 
the whole constitutes a very efficient treatise on the elements of 
analytic geometry, such as may with advantage be placed in the 
hands of every student who has mastered the elements of Euclid, 

Fhd. Mag. S. 4. Vol 10. No. 68. Dec. 1855. 2 G 
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plane trigonoTnctry, nnd algebra. We venture to assert that* 

among^st students already acquainted with its merits, this is one o* 
their favourite text-books ; for the treatment throughout i"* Rdmirably 
clear, strict, and elegant, — in fact, such as can be achieved only by 
one who, besides that perfect mastery of the subject which can only be 
acquired by original research, possesses also that uoacquirable talent 
of lueid exposition, and is guided by that knowledge of the difficultiea 
usually encountered by students, which experience only can give. 

This third edition is revised and enlarged, and contains many 
improvements upon the former twoi with respect to its type, arrange* 
ment, and its wcll-choscn and rmmerous selection of examples. The 
student will do well to work all these conscientiously, nnd to pay 
particular attention to those interesting chapters on " abridged nota- 
tion." The last chapter contains a short but clear account of the 
most important modern geometric methods, amongst which is that 
beautiful method of reciprocal polars first introduced by Poncelet, an 
acquaintance with which may be said to form an epoch in the history 
of every young mathematician. 

The importance of these methods may be estimated from the fact» 
that in the hands of a Steincr, with scarcely any help from algebra, 
they have become the most powerful instruments of discovery, and 
have given him a wonderful insight into the nature and properties 
of curves ; an insight which is, })erha])S, more thorough and direct 
than any attainable by one who is accustomed to call in the more 
mechanical aid of algebraic calculation. 

We do not wish here to revive the old and useless discussion on 
the comparatiTe merits of the algebraic and geometric methods; 
both have undoubtedly their advantages, and both are indispensable. 
In the greater part of the present treatise, however, the former of 
these methods is adopted ; and in drawing attention to the im]>ort- 
ancc of the last chapter, we would merely remark, that if his object 
be to obtain a thorough knowledge of tlie properties of conies, the 
student will do well to combine the two methods to a greater extent 
than is here done ; for the het cannot be disputed, that the very 
^ility with which results can be obtained algebraically, may indi* 
rectly prevent that intimate acquaintance with the. properties of 
curves which a rigid geometrical investigation always secures. 



LXIY. Proeeedinffs of Learned Societies. 

BOTAIi BOCIBTT. 

[Concluded from p. 389.] 

June 2h — ^The Lord Wrottesl^, President^ in the Qhair* 

E following communications were read : — 
"On the Existence of a Magnetic Medium. By T. A. 
Hirst, Esq. 

In a note on the above subject, communicated to the Royal So- 
ciety on March 16, 1855, Professor Williamson objects to a certain 
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Mr. T. A. Hirst on the Existence of a Magnetic Medium, 448 



conclusion deduced by Professor Tyndall in a letter addressed by the 
latter to Mr. Faraday and recently published in the Philosophical 
IVJagazme. Professor Tyndall's conclusion was that, according to . 
the hTpotlieab of tibe existence of a magnetic medium in space and 
of the identity of magnetism and diamagnetism, a compressed dia- 
magnetic cube ought to be less repelled wlien the magnetic force 
acts on the line of compression than when it acts at right angles to 
that line ; a result which his own experiments have rontradicted. 
Against the legitimacy of this conclusion Professor VV'illiamson 
urges that ''Dr. Tyndaii seems to have assumed, that on the com- 
pression of an agi^regate of particles of a diamagnetic aubstaijce, the 
medium is not displaced by the particles iu their change of posi- 
tion/' We shall be better able to estimate the value of this uLj ca- 
tion by recalling the steps of Professor Tyndall's argument. 

A magnetic cube was taken which had already been compressed : 
its deportment before a magnet was experimentally examined, and 
deductions drawn concerning the changes that would occur in that 
deportment by merely conceiving the magnetic capacity of the 
material particles to be diminished, without in any way altering 
the distances between those particles, and consequently without 
in any way displacing the magnetic medium in the interstices of 
the body* 

Instead of the assumption attributed to Dr. Tyndall, he might, 
with greater justice, be accused of having disregarded the possible 
presence of the medium within the body ; but in his own defence he 

may with perfect justice reply, that In Mr, Faraday's experiments, 
which originally gave rise to the discussion, no such interpenetration 
of two media existed. 

Admitting, however, that the interstices of a body are occupied 
by the medium, it may be interesting to inquire whether, from an 
argument similar to l^ofesaor Tynddl's, the same decided condu* 
sion could; with equal accuracy, be de^iuced. To* answer the in- 
quiry, it must be lemembered that the force of the argument in 
question depends essentially upon the justness of the supposition 
that a diamagnetic cube may, theoretically, be produced from a 
magnetic one by conceiving the ma<:netic capacity of the particles 
of the latter to be sufficiently diiniiiished. It is evident that the 
total attraction of the cube by a magnet will be equal to the sum of 
the attractions of the material particles, and of the medium con- 
tained in its interstices. If this sum be greater than the attracting 
force upon the quantity of medium which the cube and ite contents 
displace, the substance is called magnetic, for it will be drawn 
towards the magnet; if less, it is calted diamagnetic, for it will be 
repelled from the magnet. But in our present knowledge of the 
properties of the medium there is notliing incom])atible with the 
suppoj-ition that the density of the internal medium may so far ex- 
ceed that of the external, that the attraction of the former by the 
magnet is tVse^^ greater than the attraction of the medium displaced 
by the cube and its contents. If so, however, no eonceivable dimi- 
nution of the magnetic capacity of the material particles could pos- 
sibly render such a cube diamagnetic. 

dG2 
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This is sufficient to show that, admitting the presence of the me- 
dium within the cube, the method of argument adopted by Professor 
Tyndall would not be strictly applicable, unless tlie density of the 
internal medium were subjected to limits which the advocates of its 
existence mic^ht possibly be unwilling to grant. 

But it ma^ be asked, if, whilst admitting liiat the medium may 
exist in tibe intentieet of the body, it be granted diat a diamagnetie 
may be produced from a magnetic cube m the manner assnmed by 
Frofesaor Tyndall» does it still follow, necessarily, that attraction is 
always greatest — repulsion least — when the force acts in the line of 
compression ? In other words, can a conclusion contradictory to 
experimental facts be then legitimately deduced ? 

In atteraptiiit; a reply to this question, it will, perhaps, be best to 
employ the folluwing symbols. Let W represent the rittractiiig 
force uf the magnet upon the medium displaced by the cube and its 
contents. Hie value of W will, of oonrse, be unaltered, no matter 
whether the force acts in, or at right angles to the line of compres- 
sion. When the force acts in the line of compression, let Pj repre- 
sent the attracting force upon the particles, the attracting force 
upon the internal medium, and let Fj be proportional to the resultant 
attraction of the cubical mass towards the magnet. Let P^, 
and F.2 have similar sio-nifications wlien the force acteat right angles 
to the line of compression. Then we may put 

Pir=Pi + M,-W. 
Pja=P, + M2-W. 

Now, in a compressed magnetic cube, experiment proves that 

or Pi + Mi>P2-|-M,. 

i.e. Pj-P, >_(Mj~M2). 

As long as we are ignorant of the properties of the medium within 
the body, we will, for the sake of completeness, consider the follow^ 
ing three distinct cases. 

I. The attracting force upuu the medium within the cube is the 
same when the fwee acta in dthor the one or the other of the two 
directions, with respect to the line ui compression. Here 

hence Pi >P,. 

II. In whichever of the two directions of the force the attraction 
of the particles may be greatest, the attraction of the internal me- 
dium is also greatest in the same direction. Here, accordinij: as Pj 
is greater or less than Pj, is greater or less than Al, ; hence, 
inasmuch as 

Pi + Mi>P, + M2, 
Pj>P, and Mi>M... 

III. In whichever of the two directions of the force the attraction 

of the particles rany be greatest, the attraction of the internal me- 
dium is greatest in the direction perpendicular to the same. Here, 
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according as Pj is greater or less than P,, is less or greater than 
Mj. 80 that the two hypotheses 

(1) Pi>Pa and Mj^M^, and 

(2) P,<P2andM,>M3 

are both compatible with the sole condition, 

Pj-f Mi^-Pg+Mj. 

In order to test the applicability of Professor Tyndall's method of 
arfrriment in encli of these cases, let us conceive, with him, that the 
inag^nctic c;ij)acity of the particles is so far dimiQished that their 
attractions and P., are reduced to and p^. This may evidently 
be done by making ^j=aPj and p^—^^^'i* where a represents a posi- 
tive fraction whose magnitiide can be diminished indefinitely. If» 
under this supposition, the resultant attractions F, and become 

andjf^, then it can easily be proved that, however small the value 
m a may be, we shall always have 

in the cases I., II. and III. (1). That is to say. with the distribu- 
tions of the internal medium assumed in these cases* the resultant 
attraction of the cubical mass wUl always be gpreatest, or repulsion, 
least, when the force, acts in the line of compression, no matter how 
diamagnetic the cube may have become by diminishing the magnetic 
capacity of its particles. It may just as easily be proved, however, that 
in case III. (2) a value of a may be chosen suificiently small to make 

that is to say, with tiie distribution and properties of the internal 
medium here supposed, it is quite possible so far to diminish the 

magnetic capacity of the particles as to obtain a cube which will be 
attracted least, or repelled most strongly when the force acts in the 
line of cora])ression. This conclusion involves nothing contradictory 
to cx})erimealal facts, whereas the former one does. 

I will not here enter into the question of the relative probability 
of theae three cases, supposing the medium to exist. My sole ob- 
ject has been to show that, although the method of argument adopted 
by Ftofessor Tyndall is strictly applicable in a great number of 
cases, even when the medium is supposed to fill the interstices of 
the body, yet it is possible to attribute properties to this medium of 
such a nature as to avoid the conclusion, contradictory to fact, which 
he has deduced. Tliis may be done in two ways. First, the den- 
sity of the internal medium may be such as to render it impossible 
to produce a diamagnetic firom a magnetic cube in the manner 
assumed, a. e. by diminishing the magnetic capacity of the material 
particles. Secondly, granting that a diamagnetic cube may be so 
produced, Ae dbtribution and properties of the internal medium 
may still be such as to cause the cube to be attracted least, or repelled 
most strongly when the force acts on the lino of compression, and 
thus, if the substance be diamagnetic, to cause it to agree, in its 
deportment^ with experimental results. On the other hand, if these 
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hypothetical properties of the internal medium l>e discarded as arti- 
ficial or inadmissible, then at present I see no way of escaping the 
conclubion of Professor Tyndall's argument. 

With regard to the explanation given by Ptofeaeor WiUiamson. it 
will be observed that he punues a path quite difoeot from that of 
Fkofessor Tyndall. when he eonsiden the effects produced by com- 
pressing a nttmb«r of particles surrounded by a magnetic medium. 
This compression, ' he states, may alter the attraction of the mass 
by a magnet in two ways; — *' first, by altrrinn; the density of the 
matter; secondly, by altering the density of the medium." By the 
term * density of matter* is usually understood the relation winch 
exists between the quantity of matter which a body contains, and 
the Tolume of the space enclosed by its external surface. But in 
the present ease, where a comparison is instituted between the 
matter of the body and the medium which is supposed to fill all its 
pores, we must, I imagine, understand by the term 'density of 
matter,* the relation which exists between the sum of the musses of 
the particles, and the sum of their volTimps ; but if so, then, the par- 
ticles themselves being incompressible, it is clear that compression 
could not alter the ' density of matter.* 

As to the second effect of compression, viz. an alteration of the 
density of tiie medium, it may be quite conceivable, although I do 
not find that Professor Williamson has any where taken it into con- 
sideration. The effects of compression may, therefore, be more cor- 
rectly described as either— a diminution of the interstices of 
a body, without altering the density of the medium which fills 
them; or secondly » a diminution of the interstices, accompanied by 
an alteration of the density of the medium within them. 

Let us assume, as Professor Williamson has virtually done, that 
the first of these effects takes place ; then, if we admit that " in a 
cubical mass of carbonate of iron the material particles are more 
magnetic than the medium which they displace, and the force with 
which it is attracted is proportional to this excess/' we can by no 
means admit that, because " it becomes more magnetic by compres- 
sion, we must conclude tliat the loss of magnetic medium from Us 
interstices is more than supplied by the magnetic matter which takes 
its place ;" for, according to what has already been advanced, the 
excess of the attraction of the material particles above that of the 
medium they displace is the same after, as it was before compression ; 
inasmuch as compression merely changes the relative situations of 
the particles, by bringing them closer together, but does not in the 
least alter their volume, and consequently does not in the least alter 
the quantity of medium they displace. 

With respect to carbonate of lime, Professor Williamson's con- 
clusion i?, of course, unteuable, because it is based upon the fore- 
going one. lie say?, " w'hen these particles are brought closer 
together by press^urc, with diminution of the intervening spaces oc- 
cupied by the medium, the mass becomes more diamagnetic, because 
a certain quantity of the m^;netic medium is thus replaced by the 
less magnetic matter." It is, however, manifest that exactly the 
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same quantit}^ of magnetic medium is displaced by the less man;netic 
matter after, as there was before compression. Wby, then, should 
diamagnetic action be increased by compression ? 

Lastly, with respect to the crystals of carbonate of iron and car- 
bonitte of lime, Fk'ofessor Williamson's ezplanatioii* although inge- 
nious, is liable to the same objections as those already mentioned. 
It cannot, in fact, be said that the functions of matter predomi- 
nate most strongly over those of the medium they displace in any 
one direction, merely because tlie particles may be closer together in 
that direction ; for, as lon<^ as each particle is surrounded by the 
medium, the predominance of that function of the particles with 
"which we are concerned, i. e. their attraction, over that of the me- 
dium they displace be the same, whatever may be the distances 
of the particles asunder. 

From the foregoing remarks, therefore, it is manifest that, if Pro- 
fessor Tyndall has not yet succeeded in demonstrating that the 
hypothesis of the existence of a magnetic medium and of the iden- 
tity of magnetism and diamfifrnetisra is necessarily at variance with 
experimental facts, neither has Professor Williamson succeeded in 
proving that this hypothesis is in accordance with those facta. The 
question uf the existence of a magnetic medium is still axi open one, 
•and will continue to be so until the many important principles which 
it involves, but which have not been introduced into the present 
discussion, have been further elucidated by new investigations and 
new thoughts. 

** Anatomical Notices." By Professor Andrew Retzius, of Stock- 
holm. Extracted irom a Letter to Dr. Sharpey, dated 10 May, 
1855. (Translation.) 

"1. On the Form of the Cranium in the Embryo. 

" So far as I am aware, due attention has not hitherto been given 
to the diflfereut forms presented by the cranium in its earlier stages 
of growth. In the skeletons of early human embryos to be seen in 
most museums, the imperfectly ossified cranium is for the most part 
shrank up and disfigured. To obtain a correct view of the form of the 
cranial cavity, I first remove the skin, fascia and muscles; I then, by 
injecting water through the vertebral cannl, thoroughly wash out 
the soft brain and spinal cord; and lastly, fill the cerebro- spinal 
cavity with quicksilver or with melted tallow, taking care not to 
distend it over-much. The opening in the vertebral canal is to be 
stopped with a little plug of wood, and tiie preparation allowed 

to dry. , 

" In the skeleton of a human embryo of the fourth month, pre- 
pared in this way, the occipital bone was found to have the form of 
a funnel, the narrow part of which passed into the vertebral canal, 

as represented in the accompanying figure 1 . 

** It thus appears that the human occipital bone, in its early con- 
dition, approaches in form to the vertebral canal, and in this respect 
also it reseml)les the occipital bone in several quadrupeds, which so 
obviously represent^} tiie first cephalic vertebra. 
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" For the sake of comj)arison, 1 divided the skull of anotlier em- 
bryo of the same age into two halves by a vertical median section, 
washed out tbe bfiln and esamined preparatum while it lay im- 
meiaed in weak a|nrit of wine in a shallow glass capsule. The 
occipital bone had the same liinnel-shape as in fiie former case. An 
development advances, the funnel-like form is gradually lost, whilst, 
on the other hand, the bone appean more deepened or tubular the 
earlier the embryo to which it belongs. The same is true of 
quadrupeds. 

" In the beautiful figure of the embryo-skull, given in Kolliker's 
' Microscopische Anatoroie,' B. II. taf. 3. fig. 2, the downward pro- 
longation of tiie oodpital bone appeara mnSk less, but wfaefher lesa 
than it ought to be I eannot Tenture to say, aa I happen to hare no 
specimen of that age (one month older than fSbe one I have given) 
with which to compare the fignre. 

Fig. I. 




** The early form of the occipital bone I have here described be- 
comes easily intelligible when we remember that the shape of the 
skull is regulated by that of the brain ; and that aa the latter is at 
first greaHy elongated, and its ganglia imperfectly covered, the cra- 
nium must then also have a correspondingly elongated form. 

" 2. On the Antrum Pylori. 

** I have now for some time directed my attention to the determi- 
nation of the true form of the stomach, and have become more and 
more convinced that the antrum pylori of the older anatomists 
(* Pfortnerhohle ' of the Germans) is really a special compartment 
of the general cavity. I have had occasion to make numerona ez« 
auunatlona of the atomaeh in the bodies of middle-aged women who 
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died in the hospital, and found the form to be nearly as represented 
in figure 2, where d d, //indicate the antrum pylori. This part is also 
distinguished by greater thickness of its muscular coat, more strongly 
developed glands, and the presence of the well-known plicae fimbriatSB, 
The commencement of the duodenum also forms a special rounded 
cavitjr, which I should propose to name tlie antrum duodeni, and 
whieh is duunwIeriEed internally by the absence of valvulae conni- 



Fig. 2. 




ventes, and by the dense array oi iiruuuer'a glands beneath its 
mucous membrane. This part constitutes what has been called the 
fourth stomach of the Porpoise, and some other Cetaoesns. I may 
observe that the so-called ligaments of the pylorus are connected' 
with the formation of the antrum pylori. 

"8. On the Fascia Superficialis. 

*' The accounts usually given of the fascia superficialis are f<M* the 
most part very imperfect. As far as I can judge, this fascia is in 
many parts of the body a constant membrane, and really appertains to 
the skin, as may be particularly well seen ui the integuments oi the 
back. The coteneous muscle of quadrupeds, in most cases, probably 
arises out of this fascia ; the muscular fibres beuig deposited, as I 
conceive, in the midst of its substance, and finally becoming covered 
by it as their perimysium. In this way too, I Sfwagiuft the pbitjsma 
myoides and epicranius to be formed." 

" On the Effect of Local Attraction upon the Flumb-line at sta^ 
tions on the English Arc of the MerifUan, between Dunnose and 
Burleigh Moor ; and a Method of computing its Amount." By the 
Venerable Archdeacon Pratt. 

The author states that in a former communication he had pointed 
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out a method for calciilating the deflection of the plumb-line at sta- 
tions on the Indian arc, caused by the attraction of the Himalayas 
and of the vast regions beyond, with a view to the correction of the 
astronomical amplitudes of the measured subdivisions ol the arc 
before they are applied to the determination of the eU^ituaty id. the 
earth. 

The same subject is taken up in the present paper, bat in refer- 
ence to the English arc between Dunnose and Burleigh Moor*; and 
a different method of calculating the attraction is given. 

Thf paper consists of three parts. In the first, the ellipticity of 
the English arc is calculated without taking account of attraction. 
The arc is divided into five parts, and the leugtlia and amplitudes 
assigned to them in Mudge's Trigonometrical Survey of England, 
▼oIb. ti. and iii., are made the basis of the calculation. These por- 
tions of the arc are compared two and two, and ten values of the 

ellipticity thence deduced ; the mean of which is — The 
' 43-8687 

ten values, of which this is the mean, differ considerably among each 

other, indicating that there is some disturbing cause, like local at* 

traction, affecting the plumb-line, and therefore the apparent lati- 
tudes. The variations of the obj»erved amplitudes are then dis- 
cussed ; and the necessity of calculating the local attraction pointed 
out. 

In the second part a formula is obtained for calculating the at- 
traction. The method is different from that given by the author in his 
first communication. The curvature of the- earth is neglected, as 
this would have no sensible effect on the results in the British Isles. 
The attracting mass is divided into a number of smaller masses 
standing on rectangular bases at the sea-level, and the height of each 
is taken rqiia! to the average height of the surface above the sea- 
level. The dimensions of the bases may differ from each other, and 
are determined by the contour of the surface in such a way that the 
average height in each mass may not depart materially from the 
height of any part of it. The investigation leads to tiie following 
Rmefor determining the horizontal attraction deflection of theplomb- 
line caused by any one of these Tabular Masses (as the author calls 
them} : — 

Rule. — Take the origin of coordinates at the station where the. 
phnnh-Unc is. Let the plane of xy be horizontal^ and the aTis- of ji in 
the vertical plane in irhirh the amount of deflection is to be found. 

Write down the coordinaLes XY xy of the furthest and nearest angles 
of the Tabular Mass from the origin; Y is always to be considered 
-f and y or — accordingly. 

Form four ratios, by first dwidiff each ordinate by the ahsmesa not 
belonging to U, and then by dicidiny each ordinate by its own abedeea^ 
viz. Y y Y y 

T X' X' 

Look ni a Ikble of Tangents for the four angles of which the teJi^ 
gents equal the above ratios. 
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Form four more angles by adding (^subtracting if tfiey be negative^ 
half of each of these angles just found to {or from) 45''. 

From the sum of the log-tangents of the Jii^st two of these angles 
subtract the sum of the log-tangents of the second two. 

This result, multiplied by U feet and by wUl give the required 

deflection of the phmb-line in seconds of a degree — heiag the height 
of the Tabular Mass above the sea-level, and its density being taken 
equal to half the mean density of the earth, .which is that of 
granite. 

The only restriction to be attended to in the application of this 
Rule IS, that the ratio of the height of the attracted station above 
the sea to eacli of the horizontal coordinates of the nearest angle 
of the lobular Mass, must be so. small that its square may be 
neglected. 

If any part of the attracting mass is nearer to the station than 
this, it must be divided into vertical prisms and the attraction of each 
found ; for which the author gives a formula in a note. 

In the third part the Rule is applied, for the purpose of illuptrn- 
tion, to obtain an approximate value of the deflection of the plumb- 
line at Burleigh Moor, the north station of the arc under considera- 
tion, situated on the north coast of Yorkshire. The deflection is 
found to be 3" '644 to the south. The data upon which this calcula- 
tion is based are gathered by the author irom the Map which accom- 
panies General Mudge's account of the English Survey, and the 
heights marked down on that map. 

The deflection at several other stations is deduced from this result 
of calculation, by using the amplitudes given in Mudge's work, and 
also in Captain Yolland's ' Astronomical Observations made with 
Airy's Zenith Sector,' published in 1852, and by supposing the cur- 
vature of the meridian to be the mean curvature of the whole globe 
as laid down by Mr. Airy in his article on the Figure of the Earth. 
Thus the deflection at Black Down on the Dorsetshire coast (one of 
the places mentioned in Captain Yolland's volume), the author finds 
to be 5"' 886 to the north, a quantity which tallies well with the de- 
flection assigned to Burleigh Moor on the Yorkshire coast, if the re« 
lative heights of the two coasts are compared. This affords a satis- 
factory evidence of the correctness of the principles laid down in the 
paper; and, as the author thinks, makes the subject well worthy the 
attention of those who are interested in the English Survey, and 
who have it in their power to furnish the most accurate data for the 
application of the Rule he lays down. The subject is also no less 
important to the mathematician in his investigation of the figure of 
the earth. 

In a Postscript the author makes the following remarks i^n the 

Astronomer Royal's method of acconntinfr for the large amount of 
deflection on the Indian arc deduced by the author in his former 
communication : — 

" Since the above was written, 1 have had the opportunity of see- 
ing a notice of the communication of the Astronomer Royal on the 
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Density of Table-lands supposed to be supported hy a dense fluid or 

semi-fluid mass ; and the use he makes of his suggestions to remove 
the discrepancy, pointed out in my first communication, between the 
values of the deflection of the plumb-line in India, as determined by 
calculaLiag the attraction of the Himalayas, and as iiuiicated by the 
results of the Great Trigonometrical Survey. 1 he following diffi- 
culties ooeur to me in the way of tliis highly ingenious and philoso- 
phical method of reraoving the discrepancy 

I, It assumCA that the hard crust of the earth is sensil)ly lighter 
than the fluid or semi-fluid mass, imagined to be a few miles below 
the surface. But I know of no law, except the unique law of water 
and ice, which would lead us to suppose that the fluid mass in con- 
g\9lidating would exparui and become li!7litcr. One would rather 
expect it to become denser, by loss of heat and mutual approxima- 
tion of its particles. 

" 2« Tbtie-is^ wbonowt ^ery reaaon to 8i^ipoBe» tiiat the cmat 
of the eaordi has long been so thidcp that the positioD of its parts 
relatively to a nwan lemit eannot be any longer subject to the laws 
of floatatioa* If the elevations and depressions of the earth's snrfiice 
have always remained exactly what they were at the time when the 
law? of floatation ceased to have an uncontrolled effect, then the 
same reasoning would no doubt apply in our ca«e, as if they still had 
their full sway. But geology shows that other laws are in constant 
operation (arising most probably, as Mr. Babbage has suggested, 
from the expansion and contraailjoBl of the solid materiala of the 
crust), which change the relative levels of the various parts of the 
earth's surface, quite hrrsBpectively of the laws of floatation. If 
Mr. Hopkins's estimate of the thickness of the crust be correct, viz, 
at least 1000 miles, these laws of change in the surface must have 
been in operation for such an enormous interval of time, as quite to 
obliterate any traces of the form of surface which the simple prin- 
ciples of hydrostatics would oc c asion. Indeed, it seems to me highly 
probable that the elevation uf the Himalayas and the vast regions 
beyond may have aiuen aUsogethtr fnm, tiie stow upheaving flxree 
aiinng horn thia cause. 

*'l am indaned to think that the only explanation of the discre- 
pancy between my calculations and the results of the Indian Survey, 
is to be found in the greater curvature d the Indian Arc." 

Contributions to the History of Aniline, Azobenzole and Benzi- 
dine." By A. W. Hofmann, Ph.D., F.R.S. 

The trnnsformntion of nitrobenzole into aniline hy the action of 
sulphuretted hydrogen is attended with such difficulties and requires 
especially so much time, that chemists hitherto have generally pre- 
ferred to prepare this base from indigo. Lately a new modification 
of Zinin's process has been adopted by M. A. B^champ*, which 
consists in submitting nitrobenzole to the redudng action of acetate 
of protoxide of iron. This process— M. Bdchamp simply uses a 
mixture of iron and acetic acid-^s applicable to all nitro-compounda 

* Cbem. iaaz*, March 1, 1855, p. 81. 
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and has been extensively tried with the most perfect moceaB in the 
laboratoij of the Royal College of GhemiBtry. Hie fadlity of the 
process, its rapidity, and the large amount of product it yields in 
most cases, cannot fiul materially to assist the study of the volatile 
organic bases. 

During these experiments several observation?; were made, which 
I beg leave to bring under the notice of the Society. 

When employing about double the amount of iron which is recom- 
mended by M. B6champ (2'j instead of 1*2 of iron to 1 part of 
nitrobenzole), Mr. Alfred Noble found that the latter portion of the 
distillate solidified partly in the receiver and partly in liie condenser. 
Washed with hydrochloric acid from adhering aniline, and once or 
twice recrystaJlized from boiling alcohol, the solid matter was ob- 
tained in fine crystals of a yellowish-red colour, and fusing below 
the boiling-point of water. These crystals po«?e?sod all the proper- 
ties of azobenzole, which was moreover identiiied by combustion. 

0'260 gramme of substance gave 0*755 grm. of carbonic acid 
and 0*134 grm. of water. 

The well-establiahed formula of azobenasole, C,, N, requires the 
following valoes 

Theory. 





\ 

Bquivalents. Fer-centage. Experiment. 

Carbon 12 79-12 79*12 

Hydrogen..., 5 549 5*76 

Nitrogen 1 15-39 

100 00 

The azobenzole obtained in this manner is so readily purified that 
this process is greatly preferable to the action of alcoholic potassa 
upon nitrobenzole^ since the latter process simultaneously produces 
several substances which can be separated only with difficulty from 

the azobenzole. 

A portion of the azobenzole obtnined in tlie above process wa<? 
converted by means of sulphuretted hydrogen into benzidine. Of 
the beautifully crystallized compound, a platinum salt was made 
which was analysed by Mr. Noble. 

0*268 grm. of the aalt/left 0'088 grm. ;=32*88 per cent, of 
platinum. The formnla N, HCl ; Pt Clg requires 33*09 per 

cent, of platinum. 

Benzidine exhibits a very interesting deportment with nitrous * 
acid ; gently warmed in the gas of this acid, obtained by treatment 
of starch with nitric acid, it gives riee to a powerful reaction. The 
substance assumes an orange-red colour, and exhibits, after treatment 
with water, when recrystallized from alcohol^ ail the properties of 
azobenzole. 

The reprodaction of this body from benzidine was moreover fixed 
in the foUowing numbers : — 

0*215 grm. of substance gave 0*623 grm. of carbonic add, and 
0*112 gim. of water. 
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Theory. Experiment, 

Carbon 79*13 79*02 

Hydrogen .... 5*49 5*78 
Nitrogen .... 15*89 

100-00 

The simplest formulae of azobenzole and beozidioe only differ by 
one equivalent of hydrogen, — 

Azobenzole N 

Benzidine C|„HgN, 

a relatiuu which sufficiently ex^iaiu^ the transformation and repro- 
duction of azobenzole. 

On the Formation and some of the Properties of C\ midine, the 
Organic Base of the Cymole Series." By the llev. John Barlow, 
F.R.S., Sec. R. Inst, 

The object of this memoir is to detail the process by which an 
organic base, provisionally named Cymidme, was obtained from the 
hydrocarbon, cymole, and to describe some of its properties, and 
certain phsenomena attending- its. i)roductIon. 

The sub«titution-product, nitrocymole, was procured br acting- on 
cymole by strong nitric acid, both liquids being kept at the tempera- 
ture — l/^'^Gent. (0^ Fahr.). From nitrocymol, cymidine was ob- 
tained by Bechamp's modification of Zinin's process, and results of 
analyses, made by combustion of the platinum salt, and likewise by 
a silver determination of the hydrochlorate, were found to coincide 
with the formula Hj^iN. In the formation of cymidine a neutral 
pil occurred, having the same boiling-point with cymole. From this 
liydrocarbon a substitution compound was derived, apparently iso- 
meric with, but possessing a less specihc gravity than nitrocymole. 
This nitro-coinpound was also subjected to the process of reduction 
already described, and a basic substance was formed from it, which 
was identified by a platinum determination with cymidine. Some 
qualitative experiments, made vnth cymidine, were also described, 
and the memoir concluded with the following synoptical table of the 
homologues of the benzole series. 

Hydroctrboni. Nitro-Babfltancei. Bases. 

Benzole Cj., Nitrobenzole Cjj NO4 Aniline Cj., H7 N 

Toluole 0,4 Hg Nitrotoluole 0,4 H7 NO4 Toluidine C14 Hg N 

Xylole Ci^H^^ Nitroxylole Cj^- H, NO4 Xylidine H,, N 

Cumole Cjg Nitrorumole Cj^^HjjNO^ Cumidine Cjg Hj, N 

Cymole C^H^^ Nitrocymole C2qHjjN04 Cymidine C^H2^N. 

Letter from Dr. Herapath to Professor Stokes, " On the Com- 
pounds of Iodine and Strychnine." 

June 20, 1855. 

My dear Sir, — Will you do me the favour to announce to the 
Royal Society, that I have been engaged, during some months past, 
in investigating the optical and chemical properties of some crystalline 
conipounds of iodine and strychnine which appear to be strongly 
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indicative and peculiar ? One of these bodies, from the analysis 
hitherto made, would seem to have a formula not very different from 
tiie foUowing, viz. O^H^N^O^+I** and crystallizes in hexagonal 
prisms, passing by the ordinary replacement planes to the acute 
rhombohedroQ and other forms, all apparently derived from the 
rhombobedric system; some of these crystalline forms are very strange 
and imiipnal. ^fhis substance possesses " double absorption" in a 
very evident degree, and when examined by vertically plane polar- 
ized light, the hexahedral prisms are all obstructive of tlie ])ularized 
beam when the length of the prisms lies parallel to the plane of the 
incident ray; in this position they appear dark sienna-brown in 
colonr; when the long axis of the prisms lies perpendicular to the 
plane of primitive poliurization the crjrstals transmit a lemon-yellow 
tint, passing through greenish yellow to sherry-brown. 

The other substance appears to be the sulphate of iodo-strychnlne 
and hn? a decidedly metallic green reflexion, crystallizes in stellate 
aggregations of prisms, brilliantly green by reflected light, but 
having a deep blu H i ' lm lour by tr;ui!- mission ; these also possess double 
absorption aud are verj' })eculiar, as a bliglit iucrease in thickness 
renders them wholly impervious to light. 

When these matters have been more carefully worked out, I hope 
to have the pleasure of communicating the results to the Society: in 
the mean time the present notice will be sufficient for the object in 

■ _ 

I remain, my dear Sir, 

Yours very truly, 
Profnwr Stokes, F,R*8. ' W. Bun Hbbapath. 

■ On the Constitution and Properties of Ozone." By Thomas 
Andrews, M.D., F.R.S. 

The conflicting views which have so long eusted as to the true 
constttutioii of ozone, induced the author to undertake a careful in- 
vestigation of the subject) particularly as he had reason to doubt the 
accuracy of the only quantitative experiments which have yet been 
made to elucidate this difficult question. According to the experi* 
ments referred to, two substances have been confounded under the 
name of ozone, one a compound body having the formula HO.,, the 
other an allotropic variety of oxygen. To acccrtain whether, in con- 
formity with this statement, ozone obtained in the electrolysis of 
water contains hydrogen as a constituent, the author made two 
series of experiments. In the first series, he followed nearly the 
same method of investigation by which its compound nature is sup* 
posed to have been established, but modified so as to avoid a source 
of error, which, if neglected, vitiates altogether the results. Electro- 
lytic oxygen, unless very great precautions be taken, is always ac- 
companied by a sraall but api rcciable quantity of carbonic acid, 
which is liable to be partially absorbed by the potassa set free when 
a neuti^ solution of iodide of potassium is decomposed by ozone. 
By adding a little hydrochloric acid to the solution of iodide of 
potaarium before the commencement of each experiment, this error 
may be avoided.^ 
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The method of performing the experiment wa« to conduct a stream 
of electrolytic oxygen through a compound nppjtratus previously 
wcigiied, which contained on one side an acid solution of iodide of 
potassium, and on the other sulphuric acid; the former to decomiioso 
the uzaiie. the latter to pievciit the escape oi moisture. Tiie increase 
in weight of this apparatus gave the entire weight of the ozone ; the 
iodine set free, when reduced to its equivalent in oscygen, the weight 
ui tiie active oxygen. The precautions to be taken in conducting 
this experiment are fully deserihed in the communication. 

The following are the numerical results of five experiments per- 
formed according to the above method 



Yotiune of electroljFtIc Increase in weight of Active oxygen deduced 

oxygen. oomppund ftppuatMi* £rom iodine Mt free, 

litres. gnu. grni. 

10-20 0(J3 79 00386 

2-72 00107 00100 

2 86 00154 00138 

6*45 0*0288 0-0281 

6*80 0-0251 00273 

Total 0-1179 0 1178 



The a^eement in these numbers proves that the active oxygen is 
exactly equal to the entire weight of the ozone, and is therefore iden- 
tical with it. 

In the next sefies of ex p eiime n t s liie author shows ^at no water 
is prodnoed in the decomposition of electrolytic ovone fay beat. 
Large quantities of electrolytic oxygen, containing from 38 to 27 
milligrammes of ozone, were decomposed hy heat, but no water was 
obtained in a weighed absorption apparatus, in which the gas was 
exposed, not only to the action of sulphuric acid, but was also passed 
through a tube containing anhydrous phosphoric acid. 

Having confirmed by new experiments the fact that ozone is 
formed by the action of the electrical spark on pure and dry oxygen, 
the author proceeds to institiite a comparison faietween the properties 
of ozone derived from different sources. These he finds to be in 
every respect the same. Thus ozone, however prepared, is de- 
stroyed, or rather converted into ordinary oxygen, by exposure to a 
temperature of about 237° C, and catalytically, by being passed over 
peroxide of manganese, no water being formed in either case ; it is 
not absorbed by water, but when sufficiently diluted with other 
gases, is destroyed by agitation with a large quimlity of waiter ; it is 
also, contrary to the common statements, destroyed by being agi* 
tated with lime-water and faaryta*water, provided a sufficient quan- 
tity of those solutions be used; it has always the same peculiar 
odour ; it bleaches without producing previously an acid reaction ; 
it oxidizes in all cases the same bodies, &c. 

From the whole investigation the author draws the conclusion, 
** that ozone, from whatever source derived, is one and the same 
' substance, and is not a compound body, but oxygen in an altered or 
alio tropic condition." 
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LXV. InteUiffenee and Miscelkmeoiu Ariiele$, 

ON TflE HBAT PROBVCXD BT TBS INf LUBNCB 07 THB MACtNXT 
UPON BODIES IN MOTION. BT M. LiON TOUCAULT. 

f N 1824, Arago observed the remarkable fact of the attraction of 
the magnetic nieedle by condttctmg bodies in motion. The phn* 
ttomenon appeared very singular, and remained without explanation 
until Faraday announced the important discovery of currenbi of in- 
duction. It was then proved, that in Arago's experiments the motion 
gave rise to currents, which, by reacting upon the magnet, tended 
to associate it with the moveable body and draw it in tlie same direc- 
tion. It may be said, in general terms, that the mnLj;net and the 
conducting body tend towards a state of relative repose by a mutual 
influence. 

U, notwithstanding this inflnence, the motion continue, a certain 
amount of force must be constantly furnished, the moveable part 
be* as it were, pressed by a break, and this force necessarily pro- 
daces a dynamic effect, which, according to the new doctrines, I 
have thought must be found in heat. 

We amvp at the same consequence bv taking into consideration 
the currents ut induction which succeed one another in the interior 
of the body in motion ; but an idea of the quantity of heat produced 
would only be acquired with great difhculty by tills mode of regard- 
ing tiie affiur, whilst by considering this heat as due to a transforma- 
tion of force, it appeared certain to me that a sensible elevation of 
temperature would be easily produced in a decisive experiment. 
Having ready to my hand all the elements necessary for a prompt 
verification, I proceeded to its execution in the following manner. 

Between the poles of a strong electro-magnet I partially introduced 
the solid of revolution belonging to the apparatus which I have 
called a yyroscope, and which was previously employed in experi- 
ments of a very different nature. This solid is a ring of bronze con- 
nected hy a toothed pinion witii an apparatus of wheels, by the action 
of which, when turned by the hand, it may revolve witii a rapidity 
of 150 or 200 turns in a second. To render the action of the mag- 
net more effective, two pieces of soft iron added to the helices pro- 
longed the magnetic poles, and concentrated them in the vicinity 
of the revolving body. 

When the apparatus is going with the greatest rapidity, the cur- 
rent of six Bunsen's couples, passed into the electro- magnet, stops 
the movement in a few seconds, as though an invisible break had 
been applied to tiie moving body ; this is Arago's experiment, as de- 
veloped by Faraday. But if the handle be then pushed on, so as to 
restore to the apparatus the movement which it has lost, the resist- 
ance experienced requires the application of a certain amount of force, 
the equivalent of whieli reappears and accumulates in heat in the inte- 
rior of the revolving body. 

By means of a thermometer inserted in the niasi* we may follow 
the gradual elevation of temperature. Having, for example, taken 

Phil. Mag. S. 4. Vol. 10. No. 68. Dec. 1855. 2 H 
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the ap}MiratU8 at the surrounding temperature of 60°' 8 F., I saw the 
thermometer rise successively to 68^ 77°. ^G^, and 93°-2 F. ; but 
the phaenomenon had previously become suiiiciently developed to 
Glider the employment of the tliermometer unnecessary, as the heat 
produced liad become sensible by tlie iiuxid. 

If the experiment appeara worthy of intereit; it would be easy to 
airange an apparattu to reproduce and exaggerate this phnnomenon. 
There is no doubt that by means of a macouie properly conitructed, 
and composed only of permanent magnets, high temperatures might 
be produced, so as to place before the eyes of the public assembled 
in lecture rooms a curious example of the conversion of force into 
heat. — Compter Rendus, Sept. 17, 1855, p. 450. 



METEOROLOGICAL BSERVATIONS TOE OCTOBER 1855. 

Chiswlck.—OcXohcT 1. Fine : showen' : fine. 2. Foggy : cloudy : foggy : raiii. 
3. Dense fog ; raiu. 4. Densely clouded ; heavy rain. 5. Fine : heavy rain. 6. 
Y«ry fine : cloudy : rain. 7. Fine : foggy at night. 8. Rain : fine. 9. Foggy : 
very fine. 10. Fine. 11. Rain. 12. Qoudy and boisterous ; rain. 13. Very 
fine. 14. Foggy: cloudy. 15. Dense fog: fine. 16. Very fine: rain at night. 
17. Bain, with fog. 18. Overeast : fine. 19. Ufht dooda and fine. 20. Fine i 
cloudy: fuie. 21. Cloudy. 22. Foggy : ven.- fine : cloudy. 23. Foggy : uniformly 
overcast. 24. Fine: clear: fine. 25. Cloudy and boisterous. 26. Very boisteroas r 



overcast : fine. 27. Exceedingly fine. 28. Very clear : fine. 29. Rain : drizzly. 
30. Constant heavy rain. 81. Rain : cloady : nda at night. 

Mean temperature of the month .•••,••,...«.•.•••• ••••»••» 50*''28 

Mean temperature of Oct. 1851 48 '20 

Mean temperature of Oct. for the la&t tweuty.uine years ... 50 '00 
Average amooat of xain in Oct 2*686 indietb 



Boiioiu — Oct. 1. Cloudy. 2. Cloudy : rain a.m. 3. Cloudy. 4. Sain a.m. and 
r.M. : heavy thunder-storm. 5. Fine : rain p.m. 6. Fine. y. Cloudy : rain a.m. 
8. Foggy. 9. Cloudy : rain P.M. 10. Fine. 1 1. Rain a.m. and p.m. 12. Cloudy. 
13. Fine. 14. Cloudy. 15. Foggy : rain p.m. 16. Fine. 17. Cloudy : rain a.m. 

18. Fine. 10. Cloudy : rain p.ii. 20. FiB& 21. Cloudy : ndn p.m. 22. Cloudy. 
23. Cloudy : rain A.M. and P.M. 24. Fine. 25. Cloudy. 26, 27. Rain a m, aild 

28. Fine. 29. Foggy : rain ah. and p.m. 30» 31. Rain a.m. and p.m. 

SandwicJc 3fame, Orkney. — Oct. 1. Fog am. clear p.m. 2. Drizzle a.m.: 
damp P.M. 3: Showers a.m. : rain p.m. 4. Kain a.m. and p.m. 5. Clear a.m. 
and P.M. 6. Bright a.m. : cloudy p.m. 7. Kain a.m. and p.m. 8. Hazy a.m. : 
drizzle p.k. 9. Cloudy A.if. : aleet-showers, aurora p.ir. 10. Cloudy a.m. : 
dry; rain P.M. 11. Showers a.m. and p.m. 12. Showers a.m. : clear p.m. 13. 
Fine a.m. : clear, fine, aurora p.m. 14. Fine, hoar-frost a.m. : clear, fine, aurora 
P.M. 15. Fine, firost a.m. t dear, fine p.m. 16. Sleet-Aowera a.m.-: elear p.v. 
17. Showers a.m. : rain p.m. 18. Showers a.m. : sleet-showers, aurora p.m. 

19. Drops A.M. : clear, fine p.m. 20. Rain a.m. : drizzle p.m. 21. Showers a.m.: 
clear p.m. 22. Cloudy a.m. and p.m. 23. Rain a.m. : sleet-showers p.m. 24. 
Hail-ibowm A.if. : aleet-thowers p.m. 25, 26. Bain am» : ahowers p.m. 27. 
Snow-showers a.m. : clear, aurora p.m. 28. Clear, frost a.m. and p.m. 29. Cloudy 
A.M. : hazy p.m. 30. Bright a.m. : clear p.m. 31. Bright a.m. : cloudy p.m. 

Mean temperature of Oct. for twenty-eight previous years ... 47°*64 

Mean temperatuie of this month 46 *72 

Mean temperature of Oct. 1854 46 '39 

Average quantity of ram in Oct. for fifteen previous years ... 5*08 inches. 
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